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Abstract: the clinical case demonstrates the erroneous interpretation of the results of a radionuclide
study of the locomotor system without taking into account the anamnesis and clinical and laboratory
data. To search for bone metastases, osteoscintigraphy is used all over the world, which allows to
diagnose them at a preclinical stage of the process, ahead of radiological ones by 4-5 months. Cancer
of the mammary and prostate glands, as well as kidney cancer, metastasize to the bones very early.
About 50% of cases of these metastases are detected in the absence of clinical manifestations, which
prompts regular control osteoscintigraphy regardless of complaints and clinical condition of patients.
Research is carried out on gamma cameras, and phosphate compounds labeled with the technetium
isotope are used as a radioactive drug. 3 hours after its intravenous injection with an activity of
600 MBq, in normal conditions against the background of uniform distribution in the bones, increased
accumulation is noted in the area of the base of the skull, ribs, angles of the shoulder blades, vertebrae,
pelvic bones, and meta-epiphyseal sections of tubular bones. The results of the research are evaluated
qualitatively and quantitatively. With high-quality, hyperfocuses of the isotopes are visually determined
in separate areas of the skeleton. But it is the quantitative analysis that allows us to draw a conclusion
about the secondary damage to the skeleton. A difference in the accumulation of the isotope in any part
of the skeleton in comparison with an unaffected area above 150% is considered a sign of metastases.
1t should be noted that phosphates labeled with radioactive technetium sometimes provide a fairly high
level of fixation in areas of inflammatory, degenerative-dystrophic or traumatic processes. What we
observed in this case. A patient with breast cancer underwent joint endoprosthesis twice: first of the
shoulder, and then of the hip joint. The cause was pathological osteoporosis and degenerative-dystrophic
changes. On subsequent control osteoscintigrams, there were no foci of increased accumulation of the
radiopharmaceutical in the skeleton. But after the second endoprosthesis of the hip joints six months
later, hyperfixation of the isotopes in the corresponding joints was detected, on the basis of which the
conclusion of their metastatic lesion was made. The patient did not indicate before the study about
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the recent endoprosthesis. She did not notice any pain syndrome. In order to calm down, she did an
osteoscintigraphy after 5 months. The inclusion of the isotopes in the hip joints was significantly
reduced and did not exceed the upper limit. Some laboratory parameters such as alkaline phosphatase
and ionized calcium are known to be significantly elevated in metastatic bone disease. The patient's
content was within normal limits. All this made it possible to remove the preliminary conclusion
regarding the secondary damage to the skeleton. And the increased accumulation of radionuclide
should be considered a consequence of postoperative intervention. Thus, before passing a verdict on
bone metastases, a thorough study of the anamnesis, radiological and clinical laboratory research
data is necessary.

Key words: Metastases; Shoulder Joints; Radiopharmaceutical; Breast Cancer; Hip Joints;
Endoprosthesis; osteoscintigraphy.

Introduction the level of IC and AP of the blood (increased

It is known that metastases (Mts) to the concentrations of which appear ecarlier than
skeleton in women are most often observed with  radiological changes) [7, 8].
breast cancer (BC) (up to 85% of all cases of Despite the improvement of radiological
Mts bone damage by malignant tumors), which  research methods, osteoscintigraphy (OSG)
is associated with intensive blood circulation in  remains the main and most sensitive method
the bones and the release of adhesive molecules  for detecting Mts in the skeleton, which
by tumor cells that form connections with bone  allows detecting minimal remodeling in bone
marrow cells. BC can cause the following Mts:  structures [9]. But it is quite difficult to determine
osteolytic (when the penetration of atypical cells  their nature, because the increase in fixation of
into osteoclasts provokes atrophy of bone tissue, the osteotropic radiopharmaceuticals (RPC)
which threatens fractures), osteoblastic (when occurs in disorders of various etiologies. For
osteoblasts are affected and atypical cells cause  differential diagnosis, additional OSG modes are
the growth of bone tissue) and mixed (when cells  used, which significantly increases the specificity
of 2 types are affected simultaneously and there  of the method and allows to distinguish between
is most common) [1, 2]. Primarily, Mts in breast ~ benign and malignant changes [10, 11]. Such
cancer are found in the spine: in the lumbarregion  opportunities are provided by the following
up to 59%, in the thoracic region up to 57% [3, 4].  scintigraphic technologies:

But quite often Mts are also observed in other 1) SPECT is used to obtain a three-dimen-
parts of the skeleton: in bones of the pelvis and sional image of a questionable area;

hip joints up to 49%, shoulder joints and ribs up to 2) to obtain the exact anatomical localization
30%, femurs up to 24%, skull up to 20%, cervical of a questionable area with hyperfixation
spine up to 17%, shoulder bones up to 13%, in of RPC, use a combined study of SPECT
other areas — 3% [5, 6]. Clinical manifestations with RCT (SPECT/RCT);

often precede radiological methods of diagnosis 3) to obtain the exact anatomical localization
of Mts, but they are sometimes difficult to of a questionable area with hyperfixation
recognize, as patients associate them with other of RPC, a combined study of SPECT with
causes. There are three main clinical syndromes: RCT (SPECT/RCT) is used [12, 13].

1) pain (with tumor infiltration of nerve endings), Phosphate compounds labeled withtechnetium

2) pathological bone fractures (characteristic 99 m (Tc99m), such as methylene diphosphonate,
of osteolytic Mts); 3) hypercalcemia (namely pyrophosphate or poltech, are used as RPC [14,
ionized calcium — IC) and high level of alkaline  15]. They make it possible to diagnose Mts at the
phosphatase (AP). Therefore, for the diagnosis of  preclinical stage of development. OSG changes
bone Mts, laboratory and functional examination  in metastatic skeletal disease precede radiological
methods are also used, such as determining changes by 4-5 months. Up to 50% of cases of
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bone Mts in breast cancer are initially detected
against the background of relative clinical
well-being. Therefore, OSG in this pathology
is performed regardless of the complaints and
clinical condition of the patients.

During the SPECT examination, scanning of
the entire skeleton is performed in the front and
back projections, and polypositional scintigraphy
is performed on planar gamma cameras. On the
series of slices, the foci of hyperfixation of RPC
are clearly visualized according to the localization
of Mts. According to the results of our own
research, the sensitivity of OSG in the diagnosis
of Mts is about 90%, and SPECT is up to 96%. The
latter significantly exceeds planar scintigraphy in
terms of the volume of diagnostic information,
provides three-dimensional visualization of the
distribution of RPC and allows diagnosing Mts
of smaller sizes, which increases the efficiency of
diagnosis [16]. It should be noted that increased
accumulation in the bones of the skeleton can be
observed in benign, inflammatory, degenerative-
dystrophic processes (arthritis, osteomyelitis,
spondylitis), places of fractures and after surgical
interventions [17]. In the diagnosis of traumatic
injuries of the skeleton, OSG is on average
2.5 times more sensitive than traditional X-ray
examination. During computer processing of
OSG results, the level of RPC accumulation
in selected areas of interest is determined as
a percentage, which never exceeds the limit
of 150% in the absence of metastatic lesions.
Therefore, the anamnesis and clinical picture are
very important, in doubtful cases it is necessary
to perform scintigraphy with tumoritropic RPC
(MIBI-Tc99m) or use other hybrid methods of
radiation diagnostics (PET/RCT). All this makes
it possible to carry out differential diagnosis of
malignant and benign processes earlier than with
radiological studies, detect Mts in a timely manner
and start treatment (with remote radiation therapy,
treatment with Sr89-chloride and other osteotropic
RPC). In addition, radionuclide research methods
allow obtaining images of the entire skeleton,
which is very important in patients with suspicion
of multiple Mts. Therefore, it is necessary to start
the study of patients with radionuclide methods,
and in the case of multiple Mts, additional studies
may not be conducted [18, 19, 20, 21].
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Aim

To investigate the differential diagnostic value
of osteoscintigraphy in the detection of Mts in the
skeleton in breast cancer.

Materials and methods

OSG to patient D. 67 years was spent in
the radionuclide department of the Kyiv City
Clinical Hospital No.18, which is located at
the Department of Radiology and Radiation
Medicine of the O.0.Bogomolets National
Medical University. The diagnosis of lobular
infiltrative adenocarcinoma was established in
1997, according to TNM — T2, NO, MO. The
research was carried out on the SPECT-1 planar
gamma camera, which was developed and
manufactured by the Institute of Scintillation
Materials of the National Academy of Sciences
of Ukraine (Kharkov) (Pic. 1).

Pic. 1. View of the SPECT-1 gamma camera

The SPECT-1 gamma camera provides
radionuclide gamma scintigraphy in planar
single- and multi-frame static and dynamic
visualization modes. It includes a detector
made of a scintillation crystal of sodium iodide
(Nal), activated by thallium, a light guide and
photoelectronic multipliers, as well as a computer
system for processing and saving the results of
examinations. When a gamma quantum hits a
crystal, it transfers its energy to light photons and
a flash occurs, which is registered by a matrix of
photoelectron multipliers (PEM).

A chemical compound containing phosphate
compounds labeled with technetium 99m
(Tc99m) was used as a RPC — Poltech MDP Ts-
99m from Polatom (Poland) with an activity of
600 MBq (Pic. 2 a, b). Tc99m itself was obtained
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a — RFC instruction for OSG

b — a set for carrying out OSG

¢ — generator Tc-99™

Pic. 2. Generator and sets for conducting OSG

using a generator (Pic. 2 c). The Tc99m isotope
has a very short half-life — about 6 hours, so the
molybdenum-99 generator (its half-life is 66
hours) is installed directly in the places where
technetium is used — in radionuclide departments.
Disintegrating, molybdenum forms Tc99m,
which is in the form of sodium pertechnetate
(NaTcO4), which is washed out of the column by
elution.

On average, the effective dose for OSG is
up to 4,0 mSv, and for patients of this category
of AD, the annual permissible dose is 100 mSv.
The principle of the method consists in the ability
of phosphate compounds (monophosphates,
diphosphonates, pyrophosphates) labeled with
radionuclide Tc99m to be included in mineral
metabolism and accumulate in the organic matrix
(collagen) and mineral part (hydroxylapatite) of
bone tissue. The distribution of radiophosphates
is proportional to blood flow and the intensity
of calcium metabolism. The diagnosis of
pathological changes in bone tissue is based on
the visualization of foci of hyperfixation or, more
rarely, defects in the accumulation of labeled
osteotropic compounds in the skeleton.

Initially, OSG was performed in Whole
Body scanning mode 3 hours after IV injection
of RPC according to the research protocol [14].
Registration of diagnostic images on the gamma
camera was performed in the front and back
projection in the horizontal position of the
patient (on her back) for 20-40 minutes. Next,
we proceeded to a polypositional examination in
the front and back projections (Pic. 3). The main
fields of research are: 1) head, shoulder joints,

cervical spine; 2) thoracic and lumbar sections
of the spine, ribs, shoulder blades and sternum
(depending on the projection); 3) pelvic bones
and hip joints.

Recording of information on the gamma
camera computer was carried out until reaching
600,000 pulses from each field (Even-Sapir E.,
2005). In a normal skeleton, 3 hours after
intravenous administration, a physiologically
uneven distribution of RPC is noted: its maximum
accumulation is recorded in the bones formed by
spongy bone tissue (vault and base of the skull,
facial skeleton, spine, ribs, corners and edges
of the shoulder blades, pelvic bones, epiphyses
long tubular bones). While in the diaphyses of

Pic. 3. Polyposition study of patient D. during OSG
(field 2 in direct projection)
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a — front projections: fields 2, 3

b — rear projections: fields 1, 2, 3

Pic. 4. The results of polypositional OSG are normal (data from our own archive)

long tubular bones, the accumulation of RPC is
significantly lower. Normally, the kidneys are
visualized on osteoscintigrams, as they play a
leading role in removing osteotropic RPC from
the body. Therefore, before the examination, it is
necessary to empty the bladder or shield its area
(Pic. 4).

But in addition to the qualitative assessment
of OSG results, to confirm the presence of

Mts in the bone, a quantitative analysis is
required, which is achieved precisely by
computer processing of areas of interest. The
drug accumulation level of 150% and above is
considered a sign of the presence of Mts. This
i1s primarily characteristic of osteoblastic Mts
(Pic. 5), for osteolytic indicators are much lower
(with rapidly progressing ones, even «cold» foci
can be visualized).

a — front projections: fields 2, 3. Mts in the right shoulder
joint, handle of the sternum, L-4, right hip joint, wing of
the right iliac bone, right sacroiliac joint

b — rear projections: fields 1, 2, 3.
Multiple Mts in the spine: C 3, 4, 5, Thl, 2, 3, 4, 12; L4;
right hip joint, right sacroiliac joint

Pic. S. The results of polypositional OSG with multiple Mts in the skeleton (data from our own archive).
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Description of a clinical case

Patient D. The 67-year-old has been suffering
from breast cancer since 1997, when a left-sided
mastectomy was performed. OSH was performed
every 3 years as a preventive examination or
when pain syndrome occurs in any part of the
skeleton. For ten years, no pathological foci of
RFD accumulation in the bones were observed.
In 2008, endoprosthesis of the shoulder joints
was performed (indications are pathological
osteoporosis  and  degenerative-dystrophic
changes). At the next OSG in 2010, in the
radiology department of the National Cancer
Institute, a slight increase in the accumulation
of RFP in these joints was detected (119% in
the left and 125% in the right), which did not
exceed 150%, and there was no conclusion of
Mts damage to the skeleton. Other areas of the
skeleton were «clean» (Pic. 6).

Pic. 6. Results of planar OSG of patient D.
at the National Cancer Institute in 2010

ISSN 2786-6661
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For 12 years, the patient underwent control
radionuclide studies at the National Cancer
Institute. Changes in the accumulation of RFP in
the skeleton were not observed during this time.
Already in 2022, by appointment, she underwent
OSG in the radionuclide department of the
radiological department of the Kyiv City Clinical
Hospital No. 18 due to the lack of the drug in the
cancer institute (Pic. 7).

As can be seen on the scintiphoto, areas
of hyperfixation of RFD in the skeleton were
not detected. This pattern was observed until
2024, when in February, hip replacements were
performed for the same reason as shoulder
replacements. During a scintigraphic examination
of the skeleton in August 2024 in the radiology
department of the National Cancer Institute,
hyperfixation of RPC in the hip joints was already
detected (169% and 167%, respectively) (Pic. 8).

Taking into account the diagnosis of the
patient, she was given a conclusion — Mts in the
hip joints. In other parts of the skeleton (including
in the shoulder joints), hyperfixation of the RPC
was not detected. Before the study, the patient
forgot to inform about the endoprosthesis of
hip joints this year. She did not notice a pain
syndrome, therefore, in order to calm down,
she turned to the radionuclide department of the
radiological department of the Kyiv City Clinical
Hospital No. 18 for a control OSG in December
2024 (Pic. 9).

According to the results of OSG in patient D.
slight hyperfixation of RPC was found in both hip
joints (135% and 133%, respectively). But the
percentage of phosphate inclusion did not exceed
150% and had a downward trend compared
to the data from 08.2024. Other areas of the
skeleton were «clean», without hyperfixation
of RPC. Therefore, patient D. the conclusion
«Osteoscintigraphic signs of the consequences
of endoprosthesis of hip joints» was issued. But
for additional confirmation of the absence of
secondary bone damage, the patient was offered
a blood test for the content of AP and IC.

AP (alkaline phosphatase) is an enzyme
responsible for the exchange of proteins and fats,
as well as the deposition (deposition) of calcium
in bones. It is found in many cells of the body,
especially in the liver and biliary tract, where it is
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a — front projections: fields 2, 3, the absence of the left mammary gland is observed (arrow)

b — rear projections: fields 1, 2, 3

Pic. 7. The results of polypositional OSG of patient D. in the radiological department of the Kyiv City
Clinical Hospital No. 18 in 2022

involved in important chemical processes. Also,
AP is formed in osteoblast bone cells, where it
is responsible for the formation, growth and
restoration of bones after damage. When these
cells are destroyed, it enters the blood. Normally,
a certain part of the cells is renewed, so a certain
amount of the enzyme is normally present in the
blood. When the cells of the organ are destroyed,
for example, with Mts in the bones, liver or with
hepatitis, a high level of this enzyme is determined
in the blood. The greater the scale of destruction,
the higher the indicator. It is determined in
blood serum in the form of two main fractions
(according to the localization of the enzyme) —
liver and bone. Bone isoenzyme LF is synthesized
and released by osteoblasts in the process of bone
formation [10]. The processes of bone formation
and destruction are interrelated, in connection
with which the level of bone isoenzyme reflects
the activity of osteoblasts due to a high process
of bone formation or stimulation of osteoblasts
due to excessive destruction of bone tissue. To
differentiate the origin of AP in Mts in the bones,
it is recommended to determine the activity of

the bone isozyme [6]. Its increase occurs with
bone damage and disease with high activity of
osteoblasts. The normal value of this enzyme in
postmenopausal women, as in patient D., is in the
range of 35-141 units/l. In the presence of Mts
in bones, these values can increase 10-15 times.
Therefore, in this case, it was appropriate to
determine this enzyme. In the patient D. the level
of AP was 108 U/L, which did not exceed the
upper limit of reference values, which indicated
the absence of a secondary malignant process in
the bones of the skeleton. And the determined
concentration of the enzyme most likely indicated
the processes of repair and restoration of cells in
the postoperative period.

IC (ionized calcium) is the physiologically
active part of blood calcium that is not bound
to proteins. Its role in the body is responsibility
for the transmission of impulses along nerves,
muscle contraction, maintenance of normal
heart thythm, regulation of hormone secretion,
cell division, blood clotting, normalization
of blood pressure, etc. Free calcium is up to
50% of the total and its level is controlled by
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Pic. 8. OSG results in the radiology department
of the National Cancer Institute in August 2024

parathyroid hormone, calcitonin, and vitamin
D3 (in active form). But calcium also affects
the hormonal background. In addition to many
pathological processes, its increased level is also
observed in oncopathology with metastases in
the bones or primary localization of the tumor
in the bones. At the same time, hypercalcemia
occurs >2.75 mmol/l (up to 90% of cases), with
reference values of 1.35-2.55 mmol/l. This is a
serious complication of Mts in the bones, which
occurs due to the production of large amounts of
calcium by osteoclast cells. The level of calcium
that enters the blood is several times higher
than the kidneys can withstand. This provokes
the development of polyuria, and also disrupts
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the normal functioning of many organs. IC
concentration in patient D. was also within the
normal range — 1.9 mmol/l, which indicated the
absence of a secondary malignant process in the
skeleton.

Thus, when performing OSG to detect
secondary bone damage by a malignant process,
it is always necessary to carefully collect
anamnesis, take into account clinical and relevant
laboratory data to prevent false conclusions.

Discussion

False-positive  interpretation of OSG
results for the detection of Mts in the skeleton
is primarily related to the primary diagnosis.
It is known that breast and prostate cancers,
kidney cancer metastasize to bones very early.
Therefore, when receiving data of even a small
hyperfixation of RPC in any part of the skeleton,
they are sometimes interpreted as a secondary
lesion. There are appropriate protocols for the
management of patients with breast cancer, when,
in addition to RCT, a bone scan is prescribed,
which is more specific and sensitive, especially
for osteoblastic Mts. To make a final verdict in
doubtful cases, it is better to use such hybrid
studies as SPECT/RCT or PET/RCT. The latest
method with fluorodeoxyglucose (18F-FDG)
is increasingly used for differential diagnosis,
control of treatment, and forecasting of remissions
in inflammatory processes in the joints. PET/CT
visualizes and quantifies metabolic activity as
well as protein expression in vivo and provides
a comprehensive, whole-body evaluation,
potentially revealing inflammation prior to
structural changes in inflammatory joint diseases.
It is necessary to approach comprehensively.
Pay attention to clinical manifestations, the
presence (absence) of pain syndrome, as well
as some laboratory indicators characteristic
of this oncopathology. And only on the basis
of all the results of the study — RCT, OSG and
clinical and laboratory data, it is necessary to
make a conclusion about the metastatic lesion
of the skeleton. Each patient is a separate case, a
separate life, and it must always be remembered
that a false positive verdict can spoil a person's
future life. It should be noted that false negative
conclusions also have negative consequences. As
aresult, timely treatment measures are not carried
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a — front projections: fields 2, 3. Slight hyperfixation of the RFD in the hip joints

b — rear projections: fields 1, 2, 3

Pic. 9. The results of polypositional ultrasound examination of patient D. in the radiological department
of the Kyiv City Clinical Hospital No. 18 in December 2024

out, which contributes to the rapid development
of the process, deterioration of the quality of life
and its shortening. In our case, thanks to repeated
radionuclide examination of the skeleton and
additional laboratory blood tests for the content
of AP and IC, the diagnosis of metastatic lesions
of the skeleton in patient D. was removed.

Conclusions

Thus, OSG is a highly sensitive and objective
method for differential diagnosis of skeletal
lesions of various genesis.

OSG, due to its specificity, detects metastatic
lesions of the skeleton with minimal damage,
sometimes without clinical manifestations, which
allows timely initiation of appropriate treatment.

It may make sense to carry out OSG before
endoprosthesis to detect the degree of inclusion
of RFP in the corresponding joints for comparison
with the postoperative state.

The method of OSG allows differentiation
of inflammatory processes in the joints in the
postoperative period with metastatic lesions.

Mandatory consideration of OSG results with
anamnesis and clinical and laboratory data can

prevent both false-positive and false-negative
conclusions.

It is necessary to include PET/CT studies in
the standard management protocols of patients
with endoprosthetics.
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Anomauyia: KIHIYHUL ~ BUNAOOK OeMOHCMpPYE XUOHiCmb  inmepnpemayii  pe3yiomamie
PAOIOHYKIIOH020 O0CNIONCEHH ONOPHO-PYX080i cucmemu 0e3 ypaxy8auHs aHAMHe3y Ma KIIHIKo-
nabopamopHux OaHux. /[ nowyKy memacmasié K KiCmKU 8 YCbOM)Y C8Imi BUKOPUCMOBYIOMb
ocmeocyunmuepaiio, saka 00360158€ OiaeHOCMy8amu ix we Ha OOKIIHIYHIL cmaodii po36UMKY
npoyecy, 8unepeoxHcarouu peHmeeHon02iuti na 4-5 micayis. [ysce pano memacmazyioms y Kicmku
PAaK MoNo4HOI i nepedMixyposoi 3a103, a maxodic pax nupku. bina 50% eunaokie yux memacmasis
BUABNAIOMBCA NPU GIOCYMHOCMI KIIHIYHUX NPOSI6I8, WO CNOHYKAE Pe2YNAPHO NPOEOOUNU KOHMPOLbHY
ocmeocyuHmuepaghito He3anedNHcHo 8i0 ckape i KNiHIuH020 cmany xeopux. [[ocniodiceHHs nposoosims
Ha 2amMma-Kkamepax, a 6 AKocmi padioakmugHo20 npenapamy sUKOpUCmosyoms gocgamui cnonyku,
MiueHi i3omonom mexueyiro. Yepes 3 200unu niciis 1020 8HympiuHb08eHHOI in’'ekyii akmugHnicmio 600
MPBx 6 Hopmi Ha ¢honHi pieHOMIPHO20 PO3NOOINY 8 KICMKAX 8i03HAYAEMbCS NIOBUUjeHe HAKONUYEHHS 8
obnacmi 0CHO8U Yepena, pebp, Kymis 10namok, xpebyie, Kicmoxk maszy, mema-eniQizapHux 8i00iniax
mpybouacmux xicmox. Pesynomamu Oocniodcenns oyinworomscs skicho i Kinvkicno. Ilpu skicuiil
BI3YANILHO BU3HAUAIOMbCA 2iNepeocHUWa npenapamy 8 okpemux OilaHkax ckeiemy. Ane came
KITbKICHULL aHANI3 0036075€ 3PO0OUMU BUCHOBOK W000 8MOPUHHO20 YpadxcenHs ckenemy. Piznuys
HAKONuyeHHs 130mony 8 AKili-HeOyOb OLISIHYI CKellemy 8 NOPIGHSAHHI 3 HeYPAN*CeHOI0 OLISAHKOIO GUle
150% ssascacmucs o3naxoro memacmasie. Cnio iosHauumu, wo ocghamu, miveni padioakmugHum
mexHeyiem, iHOOI 0aromb 0OCUMb BUCOKULL piBeHb ikcayii 8 30HAX 3analbHUX, 0e2eHepamusHoO-
oucmpoghiunux abo mpasmamuynux npoyecie. [1Jo mu cnocmepicanu i 6 danomy eunaoxy. [layienmyi
3 paAKoM MOJIOYHOI 3a7103U 08i4i 0Y10 NPOBEOEeHO eHOONPOME3Y8AHHS CY2ll00I8: CNOYAMK) NILEYOBUX, A
nomim mazocmeznosux. Ilpuuunoro Oynu namono2iyHull 0cmeonopos i 0e2enepamueHo-oucmpopiuni
sminu. Ha nooansuux KOHMPONbHUX OCMEOCYUHMUSPAMAX B02HUW NIOBUWEHO020 HAKONUYEHHS]
padiogapmnpenapamy 6 ckenremi He 0Y10. Ane nicisi Opyeoco eHOONnpPome3y8anHs Ma30CmMe2HOBUX
cyanobis uepes nispoky Oyia susigiena cinepgikcayis npenapamy 6 8iON0GIOHI cyenodu, Ha niocmasi
Y020 3poONeHUll BUCHOBOK Memacmamuuno2o ix ypaowcenns. Ilayiecumka He 6xasyseana nepeo
O00CTIONCEHHAM NPO NposedeHe HeOABHE eHOOnpome3y8ants. bonvbosoco cundpomy me iomiuana.
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3 memoto 3acnokoenHs 3pobunra ocmeocyunmuepaghito uepes 5 micayis. Brnouenns npenapamy @
Ma3zocmezHo8i Cy2100u 3HAYHO SMEHWUNOCS | He NePesUUy8alo 6EPXHIO 2PAHUYHY Medxc)y. Bioomo, uo
0es1Ki 1ab0pamopHi NOKA3HUKU, MAKI K IYHCHA pochamaza ma ioHI308aHUI KATbYIl, MOXCYMb 3HAYHO
nioBUWYBAMUCS NPU MEMACMAMUYHOMY YPaXCeHHi Kicmok. Y nayienmku ix emicm 0ye 6 medcax
Hopmu. Bce ye 003601u10 3HAMU NONEpeoHe 3aKI0UeHHs U000 8MOPUHHO20 YPadicenHs ckenemy. A
nioguujene HaKONU4eHHs padioHYKIIOY 88adcamu HACAIOKOM nicisonepayitnoz2o empyyants. Taxum
YUHOM, Nepul HIdHC BUHOCUMU 8EPOUKM O KICMKOBUX Memacmasax, HeoOXiOne pemeibHe 8UGYEHHS
aHamHesy, OAHUX NPOMEHeB020 i KAIHIKO-1a00pAmMOPHUX 00CTIONCEHD.

KurouoBi cjoBa: meractasu, octeocuuHTUrpadis, miedoBi cyriodu, pamaiodapMipenapar, pak
MOJIOYHOI 3aJ103H1, Ta30CTETHOBI CYyIIIO0H, €HIOTPOTE3YBaHHSI.
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Abstract: cervical cancer is a tumor resulting from infection with high-risk human papillomavirus
and develops from precursors within the epithelium, which are now referred to as squamous
intraepithelial lesions or cervical intraepithelial neoplasias (SIL/CIN). CIN is categorized into CINI,
CIN2, and CIN3 depending on the degree of epithelial involvement. The treatment of patients with pre-
invasive cervical lesions relies on the determined histological classification. The primary objective of
this study was to thoroughly assess the relevance of immunohistochemical staining for the biomarkers
pl6 and Ki67 in the evaluation of cervical squamous intraepithelial lesions (SIL). This research aimed
to elucidate the relationship between the levels of expression of these biomarkers and the various
stages of cervical intraepithelial neoplasia (CIN). By analyzing the correlation between p16 and Ki67
expression and the severity of CIN lesions, the study seeks to enhance the understanding of these
immunohistochemical markers’ diagnostic and prognostic value in clinical practices for managing
HPV-related cervical pathology. Materials and methods. We analyzed cases of women with suspected
cervical neoplasia during cytology investigation. H&E-stained and IHC slides of all biopsy samples
were reviewed and classified according to the criteria outlined by the LAST project. All histological
samples were processed according to routine procedures. Results. We found, that pl16 expression is
divided into three groups: negative, strong and diffuse block-positive, and focal or patchy positive
reaction. In cases histologically classified as CINI, p16 showed inconsistent positivity with a moderate
intensity. The glandular epithelium displayed clear signs of atypia, and pl6 revealed inconsistent
moderate positivity. Ki-67 was expressed in cells nuclear in the basal and parabasal layers of the
squamous epithelium in all CIN stages. The results showed significant pl6 and Ki67 expression
differences among different groups of CIN. The expression levels of P16 and Ki-67 showed a positive
correlation with the severity of cervical lesions and are very helpful for distinguishing CINI from
CIN2 and CIN3. Conclusions. The expression levels indicating a consistent increase in expression
that reflects the progression. Utilizing both P16 and Ki-67 can help identify patients at a higher risk
for Squamous Cell Carcinoma (SCC). The applications of p16 and Ki-67 have proven to be important
supplementary tools in evaluating the actual characteristics of these lesions. The staining results of
pl6 and Ki-67 across various histological grades of cervical lesions underscore their usefulness in
validating histological diagnoses.

Keywords. Cervix Neoplasms; Immunohistochemistry; Ki-67 Antigen; Cancer of the Uterine
Cervix; Squamous Cell; p16 Protein.
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Introduction

Cervical cancer is the fourth most common
cause of cancer-related deaths among women [1].
Current clinical data reveal that the occurrence
of cervical cancer among younger women is
steadily rising each year. Approximately 99.7%
of cervical cancer cases are linked to Human
Papilloma Virus (HPV), especially high-risk
HPV (HR-HPV) [2]. Today’s cervical cancer
prevention involves detecting high-risk HPV
genotypes and precancerous lesions, followed
by management that can include monitoring,
repeat screenings, colposcopy, and possible
treatment [3]. Like many types of cancer, it
begins as a clearly recognizable and manageable
pre-malignant state, which is influenced by a
significant known factor called persistent high-
risk human papillomavirus (hrHPV) infection,
allowing for prevention [4].

Cervical squamous intraepithelial lesions
(CSIL) indicate a progression from normal
cervical tissue to squamous carcinoma (SCC).
About 80% of low-grade lesions (LSIL-CINI)
resolve on their own within one to two years.
High-grade lesions (HSIL-CIN2-3) require
biopsy and removal to prevent progression, while
LSIL/CIN1 management focuses on supportive
care and monitoring, as 10% to 15% may progress
to HSIL or CIN2-3 [5].

According to the LAST Project’s 2012
classification, Cervical SIL is divided into low-
grade (LSIL) and high-grade (HSIL) squamous
intraepithelial lesions. LSIL corresponds to
CIN1, indicating a non-carcinogenic HPV
infection that often resolves on its own. HSIL,
equivalent to CIN2/3, is a precancerous lesion
that typically requires surgical intervention
to prevent progression to cervical cancer. The
standard practice is to treat CIN3 and most CIN2
lesions through macrocyclic or conical resection
of the cervical transformation zone. Spontaneous
regression occurs in approximately 40-50%
of CIN2 and about 30% of CIN3 lesions [5,6].
As a result, removing all high-grade cervical
lesions (CIN2/3) might result in overtreatment.
Clinically, conditions like cervicitis or CINI,
identified through a colposcopy biopsy, have
the potential to advance to cervical cancer
quickly without first transitioning through
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CIN2 and CIN3 stages. In such cases, cervical
cancer could arise during standard follow-up
[7]. Creating a detection technique to quickly
and accurately distinguish between LSIL and
HSIL is essential for effective patient treatment.
Immunohistochemistry assesses biochemical
changes in tissues, supporting diagnoses and
providing insights into disease progression and
treatment outcomes [8].

P16, a protein that acts as a tumor suppressor,
prevents the activation of CPK and oversees cell
cycleandproliferationthroughthephosphorylation
of PRB. The immunohistochemical presence
of pl6 might reduce PRB activity as part of a
negative feedback mechanism[5]. Persistent HPV
infection causes overexpression of P16, which is
important for cervical cancer screening but may
not be sufficient for diagnosis alone. Ki-67, a
nuclear antigen indicating cell proliferation, is
rarely co-expressed with P16 in normal tissues
[3]. The assessment of dual expression is essential
for evaluating the risk of cervical cancer, as the
occurrence of these markers is mutually exclusive
in healthy cervical cells [9].

Aim

We carried out this research to investigate
the utility of the immunohistochemical staining
for pl6INK4a and Ki-67 in the pathological
assessment of cervical tissue samples from the
cervix uteri and represent the correlation between
reaction expressiveness and stages of CIN.

Materials and methods

We analyzed 30 cases from the pathology
department of the clinical laboratory and divided
them into 3 groups (CIN1, CIN2 and CIN3). The
study included womenunder 50, who cytologically
had LSIL (CIN1) and HSIL (CIN2/3) according
to the Bethesda system for reporting cervical
cytology. Patients had no previous treatment.
Tissue samples were collected by colposcopic
(punch) biopsy, cone biopsy, and endocervical
curettage (ECC). All histological samples were
processed according to routine procedures. All
slides were investigated by four pathologists.
Nuclear staining with P16 was evaluated according
to four parameters: intensity, extent, continuity,
and location, following the LAST criteria. Lesion
extent was classified as diffuse (more than 50% of
the epithelium) or focal (less than 50%). Location
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was determined by the presence of positive
cells in the lower one-third, two-thirds, or full
thickness of the epithelium for Ki-67. Lesions
were categorized as strong and diffuse block-
positive, negative, or focal/patchy positive for
pl6. Strong and diffuse block-positive lesions met
LAST criteria, showing strong immunoreactivity
from the basal layers, involving over one-third
of the epithelium with continuous involvement.
Negative immunostaining was defined by a lack
of staining or weak, focal, and/or discontinuous
staining. Nuclear staining by Ki-67 was deemed
positive.

Results

Each of the three groups into which the cases
were divided contained 10 cases of CIN1, CIN2
and CIN3, respectively. The average age for the
CIN1 group was 32.7+ 9.2 years, CIN2-36.1+ 6.7
and CIN3-40.1+ 6.4. The women had no history
of pregnancy, previous invasive interventions
or cancer. CIN1 group: 30%, 50%, and 20%
showed strong and diffuse block-positive, focal
or patchy positive, and negative expression for
pl6, respectively. Ki-67 expression in 1/3, 2/3
and 3/3 epithelium thickness were 70%, 20%
and 10% positive nuclear reaction, respectively.
CIN2 group: 80%, 20%, and 0% showed strong
and diffuse block-positive focal, patchy positive,
and negative expression for pl6, respectively.
Ki-67 expression in 1/3, 2/3 and 3/3 epithelium
thickness were 50%, 40% and 10% positive
nuclear reaction. CIN3 group: 90%, 10%, and
0% showed strong and diffuse block-positive,
focal or patchy positive, and negative expression
for p16, respectively. Ki-67 expression in 1/3, 2/3
and 3/3 epithelium thickness were 10%, 0% and
90% positive nuclear reaction (Figure 1).

Discussion

Globally, cervical cancer is the fourth most
common type of cancer in women, trailing
behind breast, colorectal, and lung cancers, with
600,000 new diagnoses and 340,000 fatalities
annually [5].

In the current research, 56,6% of HSIL
(CIN2/3) cases exhibited positive block pl6
expression and 10% focal or patchy pl6
expression, while 0% exhibited negative pl6
expression. Expression of Ki-67 was observed
in 100%, in 30% of HSIL (CIN2/3) cases the
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reaction was considered in 1/3 of epithelium,
20% of cases had expression in 2/3 of epithelium
thickness and 50% in cases with reaction in 3/3
of thickness. These results were comparable to
those of Mehdi, Hajra K. et al, 2023 [2].

The study by Catalan-Castorena, O. et
al. (2024) indicates a relationship between
neoplasia development and HPV infection in
various locations, particularly HPV types that
increase the possibility of developing squamous
intraepithelial lesions (SIL) [10].

Nicolas Wentzensen et al. cross-sectional
study indicates that there is 100% sensitivity
for CIN3 in older women with lesions linked
to HPV16, which implies that the colposcopic
assessment for pl16/Ki-67-negative women can
be postponed without risk [11]. Rama Kumari
et al. found that P16 IHC is 100% sensitive,
85.71% specific and 95.59% accurate and Ki-67
IHC is 96.49% sensitive, 92.31% specific and
95.71% accurate in predicting positive results
among cervical lesions. The agreement of P-16
HIC, Ki-67 and histopathological diagnosis is
significant (P-value<0.00001) [12]. According
to a study by Maryam Sadat Hosseini, Maryam
Talayeh et al. (2023) the specificity and sensitivity
of plé are 100% and 58.73% respectively.
The specificity and sensitivity of Ki-67 (Full
thickness) are 100% and 60.32% respectively [6].

In clinical settings, p16 immunohistochemical
staining helps differentiate between similar
cervical lesions (CIN1 or CIN2), but previous
research shows interpretation issues in certain
cases. This highlights the need for new immune
markers or diagnostic methods. Some studies
indicate no significant differences in CIN grade
distribution (p = 0.765), with similar abnormal
group percentages across CIN1-3. Patients with
diffuse, elevated pl6INK4A and Ki67 levels
faced a higher recurrence rate (p = 0.024) and
a greater likelihood of progression to invasive
cancer (p = 0.016) [15].

This study presents several limitations worth
noting. Primarily, the relatively small sample
size may undermine the external validity of the
findings, potentially limiting their applicability
to broader populations. Immunohistochemistry
of pl6/Ki-67 system is based on the subjective
assessment of distribution of IHC staining
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Figure 1. Expression of Ki-67 and p16 proteins in LSIL, HSIL.
(a—c) LSIL/CINI lesion: (a) p16 stain; (b) Ki-67 stain; (¢) Hematoxylin and eosin (H&E) stain.
(d—f) HSIL/CIN2 lesion: (d) p16 stain; (e) Ki-67 stain;
(f) Hematoxylin and eosin (H&E) stain. (g—i) HSIL/CIN3 lesion: (g) p16 stain; (h) Ki-67 stain;
(i) Hematoxylin and eosin (H&E) stain

in CIN. The results of our study are similar to
those of our colleagues with a larger number of
patients, but there is no guarantee that the sample
was representative. The absence of follow-up
cases restricts the capacity to evaluate long-
term outcomes. Long-term follow-up of patients
could allow for more specific confirmation of

the medical diagnosis, taking into account the
further course of the neoplastic process—an
example of a case of CIN3 progression to SCC.
The cross-sectional design employed means
that data collection occurred at a singular time
point, thus precluding any longitudinal analysis.
Additionally, the investigation was limited to only
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two biomarkers, which may constrain the breadth Using Ki-67 alongside pl6 is crucial for
and depth of the findings. Utilizing additional  distinguishing dysplastic from non-dysplastic
markers could have enhanced the prediction of lesions, guiding clinical strategies on monitoring,
other cervical cancer parameters. surgical intervention, or further evaluations.

In the current study, the expression levels of  This approach aims to enhance patient outcomes
both markers displayed a statistically significant by preventing overtreatment in low-risk cases.
positive correlation from CIN1 to CIN3, indicating ~ Overall, integrating p16 and Ki-67 into clinical
a consistent increase in expression that reflects protocols refines diagnosis and optimizes patient
the progression from normal cells to high-grade = management, leading to better health outcomes
squamous intraepithelial lesions (CIN2/3), for those with cervical lesions.

culminating in cancer cells marked by an enhanced Financing
expression of the pl6 marker (which represents This study did not receive external funding.
the integration of HPV viral genes with host Conflict of interests
genes, resulting in immortalized cells), along with No conflict of interests.
a gradual rise in the expression of Ki-67 protein. Consent to publication
Conclusions All authors have got consent to publication of
In summary, histopathology remains the this article.
primary method for diagnosing cervical lesions, ORCID ID and authors contribution
but pl6 and Ki-67 are valuable supplementary 0009-0002-4054-8057 (A,B,C,D,E,F) Kolo-
tools that help assess these lesions’ characteristics.  tusha Valeriia
A positive pl6 stain in low-grade dysplastic 0000-0002-1911-7984 (A,B,C,D,E,F) Khope-
lesions may suggest a risk of aggressive behavior  riya Viktoriia
and progression, while Ki-67 levels indicate the A — Research concept and design, B — Data

growth dynamics of these lesions. Elevated Ki-67  collection and analysis, C — Responsibility for
suggests an active disease process, influencing  statistical analysis, D — Writing the article, E —
treatment decisions and follow-up urgency. Critical review, F — Final approval of the article

REFERENCES

1. Voidazan ST, Dianzani C, Husariu MA, Geréd B, Turdean SG, Uzun CC, et al. The Role of p16/Ki-67 Immunostaining,
hTERC Amplification and Fibronectin in Predicting Cervical Cancer Progression: A Systematic Review. Biology (Basel).
2022 Jun 23;11(7):956. doi: 10.3390/biology11070956.

2. Mehdi HK, Khan S, Siddiqui SA, Maheshwari V, Alam K, Akhtar K. Association of pl6, Ki-67, and CD44
expression in high-grade squamous intraepithelial neoplasia and squamous cell carcinoma of the cervix. J Cancer Res
Ther. 2023;19(Suppl 1):36-41. doi:10.4103/jcrt.jert_1234 22.

3. Ouh YT, Kim HY, Yi KW, Lee NW, Kim HJ, Min KJ. Enhancing cervical cancer screening: review of p16/Ki-67
dual staining as a promising triage strategy. Diagnostics (Basel). 2024;14(4):451. doi:10.3390/diagnostics14040451.

4. Okoturo E, Rabiu K. Meta-analysis on the Diagnostic Performance of p16/Ki-67 Dual Immunostaining for Cervical
Cancer Screening. Asian Pac J Cancer Biol. 2023;8(1):91-99. do0i:10.31557/apjcb.2023.8.1.91-99.

5. Ayatollahi H, Ghaffarzadegan K, Ghaffarzadegan R, Ghaffarzadegan N. Investigation of the P16 and Ki67 Predictive
Effect on the Progression of Cervical Intraepithelial Neoplasia Grade 1 in Shahid Motahari Hospital of Urmia, Iran. J
Obstet Gynecol Cancer Res. 2022;7(3):206-10. doi:10.30699/jogcr.7.3.206.

6. Hosseini MS, Talayeh M, Afshar Moghaddam N, Arab M, Farzaneh F, Ashrafganjoei T. Comparison of Ki67 index
and P16 expression in different grades of cervical squamous intraepithelial lesions. Caspian J Intern Med. 2023;14(1):69-
75. doi:10.22088/cjim.14.1.69.

7. Luo H, Lian Y, Tao H, Zhao Y, Wang Z, Zhou J, et al. Relationship between p16/ki67 immunoscores and PAX1/
ZNF582 methylation status in precancerous and cancerous cervical lesions in high-risk HPV-positive women. BMC
Cancer. 2024 Sep 20;24(1):1171. doi: 10.1186/s12885-024-12920-4.

8. Singh P, Garg K, Singh A, Tripathi S. Expression of Ki-67 in premalignant and malignant lesion of cervix in tertiary
care hospital in Uttar Pradesh. Int J Res Med Sci. 2023;11(5):1575-1581. doi:10.18203/2320-6012.ijrms20231318.

Ukrainian scientific medical youth journal, 2025, Issue 1 (152)
http://mmj.nmuofficial.com

23


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
https://orcid.org/0009-0002-4054-8057
https://orcid.org/0000-0002-1911-7984

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 1 (152), 2025 eISSN 2786-667X

Creative Commons «Attribution» 4.0

9. Acosta Bedon A, Delgado-Lopez D, Ochoa-Avilés C, Rivas-Parraga R, Vega Crespo B, Verhoeven V, et al. p16/
Ki-67 dual staining as a predictive value for cervical cancer compared to other conventional triage tools: a descriptive
literature review. Eur J Gynaecol Oncol. 2024;45(4):1-15. doi: 10.22514/ejg0.2024.062.

10. Sukumar S, Arora A, Singh M, et al. Investigating the role of tumor microenvironment in modulating immune
checkpoint inhibitors for cancer therapy. J Cancer Res Ther. 2024;20(1):8-15. doi:10.4103/jert.JCRT 239 23.

11. Wentzensen N, Schwartz L, Zuna RE, Smith K, Mathews C, Gold MA, et al. Performance of pl16/Ki-67
immunostaining to detect cervical cancer precursors in a colposcopy referral population. Clin Cancer Res. 2012
Aug 1;18(15):4154-62. doi: 10.1158/1078-0432.CCR-12-0270.

12. Kumari R, Joshee R, Repaswal A, Anita, Bhageerath, Chaudhary KS. Role of P16INk4a and Ki-67 immunostaining
as specific biomarkers of cervical intraepithelial lesions among cervical biopsy samples: A diagnostic study. Int J Pharm
Clin Res. 2023;15(6):1335-42.

13. LiuJ, Su S, Liu Y. The value of Ki67 for the diagnosis of LSIL and the problems of p16 in the diagnosis of HSIL.
Sci Rep. 2022;12(1):7613. doi:10.1038/541598-022-11584-z.

14. Qiu S, Wang Q, Jiang H, Feng L. Immunohistochemistry staining of Eagl and p16/Ki-67 can help improve the
management of patients with cervical intraepithelial neoplasia after cold knife conization. Diagn Pathol. 2024;19(1):97.
doi:10.1186/s13000-024-01523-z.

15. Minareci Y, AK N, Bayram A, Tosun OA, Murdan R, Onder S, et al. Prognostic Value of pl16INK4A and Ki67
Co-expression in Patients with Vaginal Intraepithelial Neoplasia. Indian J Gynecol Oncol. 2024;22(2):45. doi: 10.1007/
$40944-024-00810-3.

Hixxix 1o Bu3znayenns P16 ta Ki-67 y cragiroBanHi
HepBiKaJbHOI iHTpaenmiTe iajabHOI Heomiasii

Konoryma Banepisl, Xonepist BikTopin2
1 crynentka, KuiBchkuil HanioHansHu# yHiBepcuteT iMeHi Tapaca IlleBuenka, Kuis, Ykpaina

2 npodecop kadenpu «TexHODOrT MEAUUHOT IIArHOCTUKY Ta JIKyBaHHA», JOKTOP MEIUYHUX
HayK, KuiBchkuil HalioHanbHUM yHiBepcuteT iMeHi Tapaca llleBuenka, Kuis, Ykpaina

Address for correspondence:
Kolotusha Valeriia

E-mail: kolotusha380@gmail.com
+380990433582

Anomauin: pax wutikyu Mamxu - ye nyxauHda, o UHUKAE BHACTIOOK IHpIKY8aAHHS 8ipYCcOM NANiioMU
JIIOOUHU BUCOKO20 PUUKY | PO3BUBAEMbCS 3 NONEPEeOHUKIE 8 enimelii, AKI 3apa3 Ha3uearoms NIOCKUMU
BHYMPIWHbOENIMENIANbHUMU — YPAJICEHHAMU — A00  YepBIKANIbHUMU — GHYMPIUHbOENiMeniabHUMU
neonnaziasmu (SIL/CIN). 3anesxcno 6i0 cmynens ypaxcenns enimenito CIN noodinsiomv na CINI,
CIN2 i CIN3. JlixysanHs nayicHmox 3 Npein8a3usHUMU YPANCEHHAMU WUUKU MAMKU 3A1eHCUMb 610
8U3Haueroi cicmonoeiunoi kaacugixayii. OCHOBHOIO Memo Yb0o20 O00CHIONCeHHS Oyna pemenvHa
OYIHKA peNeGaHmMHOCMI IMYHOCICMOXIMIYHO20 3a0apenenHs Ha Oiomapkepu pl6 i Ki67 6 oyinyi
NIOCKOKAIMUHHUX IHMpaenimenianpoHux ypasceHv wuiku mamxu (SIL). Memoro ybo2eo 0ocriocenHs
0y10 3’acysamu 63AEMO038 130K MIdIC DIBHAMU eKcnpecii yux Oiomapkepie ma pisHUMU CMAOIAMU
yepsikanvHoi inmpaenimenianvroi neonnasii (I{IH). Ananizyrouu xopenayiio migic excnpecicto plo i
Ki67 ma cmynenem masxcxocmi ypascernnsi CIN, 0ocniodcenusn cnpsamosane Ha No2nubienHst pO3YMIHHS
0Ia2HOCMUYHOT Ma NPOSHOCMUYHOL YIHHOCE YUX IMYHOLICMOXIMIYHUX MApKepi8 V KATHIYHIU npaKmuyi
npu AiKy8aHHi namonoaii wutiku mamxu, nos’szanoi 3 BIIJ/I. Mu npoananizysanu unaoku iHciHox 3
ni0o3por0 HA YepBiKalbHY HEONIA3i0 NpUu YUMon02iuHomMy 00CHioxcenHi. 3abapeieri 3a 00NnoMo200
H&E ma II'X masku ecix bionmamis Oynu nepe2isaHymi ma Kiacu@ikosami 6ionosiono 0o Kpumepiis,
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suxnaoenux y npoekmi LAST. Bci cicmonoeiuni spazku 6yau o6pobneni 8i0nosioHo 00 PYMUHHUX
npoyeodyp. Pesynomamu nokazanu 3nayni éiominnocmi 6 excnpecii P16 i Ki67 midc pisnumu epynamu
CIN. Pieni excnpecii P16 i Ki-67 nokazanu no3umusHy Kopeusayito 3 MANCKICMIO VPANCEHH WUUKU
mamxu i € oyace kopucHumu 01 pospizwenuss CIN1 6io CIN2 i CIN3. Omorce, pisHi excnpecii 6xazyiono
Ha nocnioosHe 30iNbUIeHHs eKcnpecii, wo 8i0obpadicae npozpecysanus. Buxkopucmanus ax P16, mak
i Ki-67 moorce 0onomoemu 8usi8UMuU NAYiEHMIE 3 NIOBULEHUM PUSUKOM PO3BUMKY NJLOCKOKIIMUHHO2O
paxy (IIKJI). 3acmocysanna pl6 i Ki-67 eussunocs eaxciugum 000AMKOBUM THCMPYMEHMOM 6
OYIHYI hakmuuHux xapaxmepucmuk yux ypaxceuo. Pezynomamu ¢apbysanns pl6 i Ki-67 6 piznux
2ICMONOTYHUX KIACAX YPAICEHb WULKU MAMKU NIOKPECIOI0Mb IX KOPUCHICMb 01 NIOMEEPON’CEHHS
2ICMOoN02IYHUX OiA2HO3I8.

Kro4oBi cj10Ba: HOBOYTBOPEHHS IIMWKK MaTKH, IMyHOTicTOXiMisl, anTureH Ki-67, 610k pl6, pak
IIUAKA MATKH, IIJI0CKOKIITUHHHUH THII.
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ApTtpockonivHi npossBu BHYTpimHix nopymens CHIIC y namieHTin
i3 TPaBMATHYHUMH MEePeTOMAMEU I'OJIOBKH HUKHBOI 1IeJIenH

XacamneroB benik

Kadenpa menenHo-numeBoi xipyprii Ta CydacHUX CTOMATOJIOTTYHUX TEXHOJOT1H [HCTUTYTY
micasAUIUIOMHOT ocBiTH HamionansHOro MeauaHoro yHiBepeutety iMeri O.0O.boromonbis,
Kuis, Ykpaina; KuiBcbka obnacHa kiiHiuHa JikapHsa, Kuis, Yikpaina
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+380980819574

Anomauin: memoro 0aHo20 OO0CHIOJNCEHHS OYI10 OYIHUMU Xapakmep md GUPANCEHICTb
NOCIMMPABMAMUYHUX ~ 3MIH  CKPOHego-HudcHbowenennux cyenooie (CHIC) 3a o0onomozoro
apmpockonii' y nayienmig 3 nepenomamu 201ieku Hudxicuvoi wenenu(I1I'HIL]) y pannvomy ma nizHbomy
nOCMmMpaABMamudHomy nepiooi. Y oocnioscenus 6yno exaroueno 26 nayienmis 3 36 III'HII] muny B
i C 3a Neff et al 2004, 3i smiwennam yIamKie, AKUM RPOBOOUTU GIOKPUMY Peno3uyiro, ikcayiio
ppazmenmie ocmeocunmes ma uepes 4,2+1,2 micayi noemopue Xipypaiune 6mpyyanua 3 GUOAIEHHAM
Qikcamopie ma pesiziclo HABKOMUWIHIX M AKOMKAHUHHUX cmpykmyp. Onepayii euxonyeanu nio
3G2anbHUM 3HEOONEHHAM 3 BUKOPUCMAHHAM Pempoaypukyisapno2o docmyny. lleped nepeciuennsam
Kancynu cy2noba 6 eepxuiti cy2noboeuii npocmip 68o0unu apmpockon (enoockon KARL STORZ1,9mm,
Himeuuyuna) ona oyinku m’IKOMKAHUHHUX CIPYKMYD: 3A0HbOI CY2l00080i 36 's3KU, OUCKY MaA KANCYIU
cyenoba, a maxkoxic Xpauo8oi UCMIIKU Cy2lo0080i AMKU Mma 20pOuKa 3a 00NOMO2010 CIAHOAPMHOT
8EpPXHbOI 3a0HbO-TamMmepanlbHoi mexHiku. Inmpaonepayitina apmpockonis, nposedera 6e3nocepeorHboO
nio yac penozuyii ma Qikcayii' y1amKie 6UABULA 6HYMPIUHLOCY2100081 NOpYUieHHs Y 6cix 26 nayieumis
odocnidacysanoi epynu, nos’sazami iz cocmpoio mpasmoro CHIIC ma, menwioro miporo, i3 uxioHumu
00MpaABMaAMUYHUMU 3MIHAMU MOPGhoNo2ii enemenmia cyenoba. B 0inanyi 3a0Hb0I cy2n1006060i 36 'a3KuU
ma medianvHux 8i00iNie Kancyiu cnocmepiecanu einepemito (86.1%) ma eupasny in’exyiro cyoun
(58,3%), wo ceiduunu npo pozeumox cunogiimy y abcontomuoi oinouiocmi nocmpasicoanux. Kpiv mozo
Y 8CIX nayieHmis 8i0Miuascs 8UBUX CY2l00068020 OUCKY, I 11020 3MiUjeHHS 8nepeo | MedialbHO Pa3oM i3
manum gppaemenmom 3namanoi eonieku HIL[. Tlpu yvomy yinicnicme OUCKY 8 YCIX CNOCMEPEHCEHHIX
oyna 36epexcena. I'emapmpos (Kpoe’sini 32ycmKu ma KpOBOGUNUBU) V 8EPXHbOMY KOMNAPMMEHMI
cy2nob060i nopoxcnunu 6ynu HaasHi 6 52,7% eunaokis. Iinepniacmuynuii CUHOIM i NONINU CUHOBIT
cnocmepieanu 6 13.04%, nasasnicms nOOOUHOKUX CRANOK, (HiOpUL HA NOBEPXHI CNOTYYHO-MKAHUHHO2O
xpawa ma Gioposznoco sunomy/oebpicy susnayaiucv y 34.78% nayienmis, nepesaldcHo cmapuio2o
8IKY, W0 éxazyeanu Ha HasasHicmo npoonem i3 CHII[C 6 munynomy. ¥ nayienmis nio uac euoaneuHs
gixcamopie sminu ¢ CHIIC Oynu 6invuioio mipoio nos’sizami 3 npoyecamu nOCMmpasmamuyHol
nepe6y008u cyenoby ma AGUWaMU XapakmepHumu 015 0eceHepamusHux npoyecis. I inepemis kancynu
ma in’exyisa cyOuH Ha OLIAHYI pempoOUCKOBOI 38 "A3KU GU3HAYANUCH piduie, tuwe y 16.67%nayicumis.
Hamomicme o3naku nouamkoeux cmaodii ocmeoapmposy. Qiopunosuti unim 6 NOpOICHUHI cyenooa,
Qibpunu Ha NOGEPXHIi CROIYYHOMKAHUHHO20 XpAwa, adzesii ma pyoyesi sminu Kancyiu Oyau HasA8Hi
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8 PI3HUX NOCOHAHHAX MA i3 PI3HOI0 BUPA3HICMIO apmpocKoniynux npossig y écix 100 % nayienmis.
AHsuwga npooykmueno2o cunogiimy ma noninu cunogii oynu naasmiy 25% nayienmie llicns nposedenns
0CMmeocuHmesy 8 yCix 6UNAOKax 8i03HAYANU PENnO3UYit0 OUCKY, IKULL YMPUMYBABCS 8 HOPOJCHUHI Cy2lo0a
yepes 4 micayi nicis onepayii, wo nNiomeepoHCye eqheKmusHiCmo XipypeiuHoeo mMemoody y 8i0HO81eHHI
HOPMATbHUX anamomiyHux cniggionouwenv 6 CHLL[C, ma eiocymuicms nompedu ¢ 000amkosiil ghikcayii
oucky 6 abcontomuiu 6invuwocmi eunaokie III'HII] muny B i C. Apmpockonia CHILC € naodivinum
Memooom 0IazHOCMUKU 8HYMPIUWHbOCY2100068Ux nopyuienv npu mpasmamudnux ITI'HIL] i moorce
PO321A0amucs K iHCMpyMeHm JiKy8aibH020 6NAUEY HA nepedie Namonio2iuHuX npoyecie 8 paHHbOM)y
i ni3HboMy nicrgonepayiuHomy nepiooi 3 mMemor npo@iIaKmuKu ix npocpecy8aHus ma 00CACHEeHHs
Nno6HOI (hyHKYIOHANbHOT peabinimayii nocmpaicoaiux.

KrouoBi cioBa: aprOCKOHiSI, HWOKHSA IICJICTIA, TOJiBKa HUXKHBOI mIeJeny, nepeiioMmu HHKHBOT
J1(S (700518 CKpOHCBO-HI/I)KHBOIJ_ICJICHHI/Iﬁ Cer'IO6, MOPYLICHH CKPOHEBO-HUXXHbBOLICIICIIHOTO cyrn06a.

Beryn B cknannux, OloMexaHIYHO HECHIPUSITIMBUX BH-
[lepemomu TONIBKM  HIDKHBOI  IMEJENHM  MMajgkax ix yactora Moxke csrat 25% [8].
(IITHII) cranoBusats 21-52% ycix mepenomis ABTOpPH TIOB’SI3yIOTh 1€ 13 BHpPa3HUM YIII-

Ii€1 KICTKH Ta BBaXXAIOTHCS OIHUM 3 HaWckman-  komkeHHsaM eiaementis CHILIC, B Tomy gucii
HIMIMX Ta HaWOUIbII KOHTPOBEPCIMHUX THIIB  JHCKY, Karcyiu i 38’530k npu [TT'HIL, a Takox
mienenHo-nmmneBoi  Tpamu  [1]. JlikyBanbHa — 3MmiHOMO iX Tomorpao aHaTOMIYHHX CITiBBiJHO-
crpareris npu IITHII[ 3anumaerbes mpeame- — mieHb, SIK BHACTIIOK TPaBMH TaK 1 BHACIIIOK
TOM HAyKOBHMX J€0aTiB: MO3MILIi aBTOPIB LIOAO  NPOBEACHHUX XipypriyHux Brpydans [1, 9, 10].
MOKa3aHb, MPOTUIIOKAa3aHb, I'PaHUIb 3acTocy- I[lpu 1bOMY XapakTep pPyHHYBaHHs 1 B3a€EMHO-
BaHHs, [IEpeBar 1 HEOJIKIB KOHCEPBAaTUBHUX Ta  T'O 3MIIEHHS 1 MOCTTPaBMAaTHYHOI mepedyaoBH
XIpypriyHuX crocoOiB JiKyBaHHs Ta peabimita-  kictkoBux enementie CHILIC mpu TpaBmi € j1o-
il NOCTpaXkJaJIuX ICTOTHO BIAPI3HSIOTBCS, @ B Ope BiZIOMHUM 1 BUBYCHHM Yy BEJIMKiH KUTBKOCTI
OKpeMHX BHUIAJKaX € AIaMETPabHO MPOTHWIICK-  HAYKOBHX 1 MPUKIAJIHUX JOCHTIIKEHb, HATOMICTh
HUMHU. BoHOUAcC, B TOCTIKEHHAX OCTaHHIX PO-  XapakKTep YUIKO/DKCHHS M’SIKOTKAHHHUX €JICMEH-
KiB OyJIO IEPEKOHJIMBO JOBEJIEHO, 110 BIIKPUTA  TIiB CYIVI00a € MPaKTHYHO He AO0CHiKeHnuM. Jlo-
peno3ulis 1 OCTEOCUHTE3 NPH BHYTPIIIHBOCYT-  CIIJDKEHHS OCTaHHIX pokiB [2, 9, 10] cBiguarh,
71000BUX MepeioMax HUKHbBOI IIeJIeNny 3a0e3le- M0 YIIKODKEHHS M SKOTKAaHHHHUX CTPYKTYD
YyIOTh Kpallll aHaToMi4H1 Ta ¢pykHUioHanbHI pe- CHIC MoxyTh MaTH HE MEHIIHM, a0 HaBiTh
3yNbTaTH, 30KpEMa 3MEHIIECHHS OO0 Ha IUIAHII  OUIbLIMIA BIUIMB HA iHTETPabHI PE3yJbTaTH Ji-
CHIIC Ta 361nbiienHs 06’ emy pyxiB HI, mo-  kyBanus TII'HII] HiXX CTaH KiCTKOBHUX YJIaMKiB
PIBHSHO 13 NalliEHTaMH, SKHX JIKyBaJu KoHcep-  micis penosuiii [ 1, 10]. B okpemux myOmikarisx
BaTUBHO [2-6]. OqHMM 13 HAOLIBII MOMKUPEHUX  OCTAHHIX POKIB OYyJI0 MPOAEMOHCTPOBAHO, IO
METOJIIB OCTEOCHHTE3Y, SIKHH Ha CHOTOAHIIIHIM  TpaBMa BHPOCTKOBOTO BIAPOCTKY MOXE CYIpO-
JICHb PO3IVISIAETHCSI B SIKOCTI «30JIOTOTO CTaH-  BOKYBAaTHUCh YTBOPEHHSM KPOB’SIHUX 3TYCTKiB
naptHy» JikyBaHHa IITHII € ¢ikcamis ymam- B mopoxxHHHI cyriioOy, BABUXOM 4H (pparMeHTa-
KIB IIOHaliMeHIIe 2 TUTAHOBUMH MO3MLIAHMMHU  I[€I0 JTUCKY, PO3PUBOM UM IMEPEPO3TATHEHHIM
I'BUHTaMU AiamerpoM 1.7-1.8 MM, uepe3 3aByll-  KarCy/H i 3B’S130K, 110 MIPU3BOAUTH JI0 YTBOPEH-
HUMl um mepenBymHMM fgoctyn [7]. UucneHHI  Hs pyOIiB i TeTEpOTOMIYHOrO OKOCcTeHIHHS [10-
JOCTIIKeHHS, 1110 MiATBepAuIn nepeBaru AaHo-  13]. Ilpu npoMy epeKTHBHICTH 1 CTaOLIBHICTH
ro MiAXONY, BKa3ylOTb, 1[0 BUPA3HI MOPYLUIEHHS  PENO3HUII] IUCKY TPH CIIBCTABJICHHI KICTKOBHX
¢ynkuii CHIIC npu #ioro 3actocyBaHHI B Hail-  (parMeHTIB € MPAKTHYHO HE BUBUCHOIO.

OMIKIOMY 1 BiAJlaieHOMY MicisionepaniitHoOMy Jng  M1arHOCTUKM — MATOJIOTIYHUX — 3MIH
MepioNli 3aJUIIAIOThCS OBOJII MOMMUpPEHUMH 1 M’ sskoTkaHuHHHX enemenTiB CHILC aBropu ua-
MEPEeBUNIYIOTh [I€H TMOKAa3HUK y TOPIBHSAHHI 3  CTO BHKOPHMCTOBYIOTH JaHi MarHiTHO-pPE30HaH-
BUPOCTKOBUM B1JIpOCTKOM Maitke B 3 pasu [2].  cHoi Ttomorpadii (MPT). Ils metoauka nobpe
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cebe 3apeKoMeHIyBaJa B JIarHOCTHIII JIeTeHepa-
THBHMX 3MiH Ta BHYTpimHiX nopymens CHII[C
pizHOro rexesy. HailGinpln yacTuMu O3HaKaMHu
nocrrpasmatnyHux 3miH CHIIC mpu TITHII,
BUSIBIIEHUMU 3a gonioMororo MPT Oynu 3mimen-
HS1 JIUCKY, PO3PUB PETPOIUCKOBOI TKAHUHH, JIaTe-
panpHOT Karcyau Ta remaptpo3s [14]. e onaum
BHCOKOIH()OPMATUBHUM METOJIOM J[IarHOCTHUKH
BHyTpimHIX nopyumens CHIIC e aprpockomis,
ska Oyia Briepiie 3ampornoHoBaHa B 1975 poi
Ohnishi ms 6e3mocepeTHbOr0 CIOCTEPEIKEHHS
3a cyrnobom 1 ioro pyxamu. [lepeBaroro 110ro
METOJy € Te, IO MPHU MPOBEAEHHI apTPOCKOMii
KpiM Oe3nocepeanboi Bizyamizallii MOpOKHUHU
CHIIC, moxHa BUKOHYBATH IEBHI JIIKYBaJbHI
MaHIMyJsii CIpsIMOBaHI HAa YCYHEHHS BUSB-
JICHUX TOPYIICHb (JIaBaXk, KOOJSIIIis, Ja3epoTe-
parisi, BHyTPIITHBO-CYyIJIOO0BE BBEICHHS JIIKY-
BaJIbHUX 3ac001B, MIAMIMUBAHHSI IUCKY TOIIO).
[Ipu anamnizi jgiteparypu Hamu Oyso BUSIBIECHO
JIUIIE OJTHE JOCHTIHKeHHs PO (paKTUYHUHN CTy-
MiHb MOIIKO/PKEHHS M’ IKOTKAHUHHUX CTPYKTYP
CHILIC 3 BUKOpHCTaHHAM MPSAMOT apTPOCKOMiU-
Hoi Bi3yamizauii [1]. s poGora BTiM 6azyBanach
JMIIE Ha 1HTpaoNepalifHuX CHOCTEPEKEHHAX 1
He BuByaia 3minu CHIC y BinnaneHomy miciusi-
oreparitHoMy mepioi.

Mera

OuiHuTH XapakTep Ta BUPAXKEHICTh MOCT-
tpaBmarnyHux 3MiH CHIC 3a nomomoroto ap-
Tpockormii y mamienTiB 3 [II'HI y panapoMy Ta
M3HLOMY ITOCTTPAaBMaTUIHOMY TIEPiO/Ii.

Marepiaaum i MeToamn

VY pocnimkeHHs: Oyly BKIIIOYEHI MAIIEHTH 3
[II'HIL, sixi AiKyBajauch HA KIIHIYHUX 0a3ax Ka-
(benpu menenHo-JIMIEeBoi Xipyprii Ta Cy4acHuX
CTOMATOJIOTIYHUX TEXHOJIOTiH [HCTHTYTY micis-
muioMHoi ocBiti HMY imeni Boromonbiig B
nepioz 3 2019 no 2023 pik. Kpurepii BkiitoueH-
Hsa Oynu HactynHi: mamientu 3 [ITHIL tuny B
1 C 3a Neff et al 2004, 31 3millIeHHSAM YJIaMKiB,
SIKUM TIPOBOJIMJIM BIJKPUTY PEMO3UIIIIO Ta OCTe-
ocunrte3. KputepisMu BUKIIOUEHHS Oy 1HTpa-
kancynsipai [ITHIL[ ©e3 3MilieHHsS YlIaMKiB,
[MI'HII Ty A, HasBHICTb CYIMyTHIX HEpEIOMIB
BEPXHBOI IIENeNH, MHOXHHHI 0araroyi1aMKOBi
nepernomu HIL[, BorHenaibHi MOpaHEHHs, BiK
maiieHTiB 10 16 pokiB, HAasBHICTH CYIyTHBOI
COMaTHUYHOI IaToJIOrii B CTaHl JEeKOMIIEHCAIl,

ISSN 2786-6661
eISSN 2786-667X

IICUXIYHI 3aXBOPIOBaHHS, aJKOIOJI3M, HapKo-
TUYHA 3aJIEKHICTh, 1aBHICTh TPAaBMHU Ha MOMEHT
omnepairii 6isbie 15 1HIB, HETOTPUMAHHS JIIKap-
CBhKMX PEKOMEH/IAIlI Ta BIICYyTHICTh B3aEMOJIIT 3
JiKapeM B MicisomnepaniiHoMy Hepioi, HEeMmoB-
He KJiHiuHe Ta/abo TomorpagidHe JTOKYMEHTY-
BaHHS BUMAJKY, BIIMOBA Malll€HTa BiJ y4acTi B
JIOCTIIKEeHH1

Kpurepisim BKIIOYSHHS 1 BUKIIOUYEHHS Bij-
noBijganu 26 mamieHTiB (11 xiHOK, 15 4oOBIKIB,
cepenHii Bik 32 + 17 pokiB ), U0 3BEPHYJIUCH
B JikapHio 3 npuBonay I[II'HIL] 3a momepenubo-
BU3HAUCHUH TIEPiO]I.

Bcix xBopux Oyn0 00CTEXEHO 3rigHO CTaH-
JApTHOI CXeMH, L0 BKJIIoYaja 30ip aHaMHesy,
OLIIHKY 3arajbHOTO Ta JIOKAJIBHOIO CTarycy a
TaKOX MPOBEIECHHS MYJIBTUCHIPATbHOT KOMII 10~
tepuoi Tomorpadii (MCKT), sxa Bucrymana
OCHOBHUM METOJOM BepH(ikamii aiarHo3y Ta
BU3HAUCHHS MOJAJIBIIO] JIIKyBaJbHOI TaKTHKH.
3a moTpedu AOJATKOBO MOJICIIOBAIHN IAIIEHT-
crnenudiyHl KOHCTPYKLII MEIUYHOro MpHU3Ha-
YEHHs — HaBITaIllifHI Ta PEeno3ulliiiHi MabIoHH,
IHaUBIMyami30BaHi (iKcaTopu TOIIO, SKI BH-
TOTOBJISTIM 32 JONOMOTOIO aJUTUBHUX Ta CyO-
crpakuiitnnx CAD/CAM TtexHoOrii.

Bcix marienTiB Oysio mpoonepoBaHo 3 BUKO-
PUCTAaHHSAM TPAIUIIIHOTO 3aBYLIHOTO JOCTYITY
3a G. Axhausen (1931) [15] ta P. Bockenheimer
(1920) [16] B momudikamii A. Neff Ta cniBasr.
(2005). Perno3utito 1 ¢ikcaliro KiICTKOBUX (par-
MEHTIB MPOBOJIMIN BIMOBITHO IO CTaHIAPTHO-
ro nporokony 3a Neff [17]. B micnsonepartiii-
HOMY TIEpiOfi MAIEHTH MIUIATAIA KIIHIYHOMY
cnocrepexenHio. KT mposoaunu 6e3mnocepen-
HbO MicJs omnepauii (A7 BU3HAYEHHS TOYHOCTI
peno3uiii Ta BiIMOBIIHOCTI BipTyaJIbHOTO IUIa-
HY JI0 OTPUMAHOTO MiCJISI0NEPaIiHOTO pe3yibTa-
Ty) 1 yepe3 3 MicsIi MiC/sA MPOBEACHHS Xipyp-
TYHUX BTPYYaHb (U1 BA3HAYCHHS CTa0UIBHOCTI
OTPUMAHOTO pe3yJbTaTy, a TAaKOK BU3HAYCHHS
ONTHUMAJIFHUX TEPMIHIB BUJIAJICHHS (PiKCaTOpiB)
(Puc. 1).

Uepes 4,2+1,2 micsIri micis onepaiii narieH-
TaM IPOBOJIMIIN TOBTOPHE XipypTidHEe BTPYyYaHHS
3 BUAAJEHHSIM (D1KCAaTOPIB Ta PEBI31€I0 HABKOJU-
IIHIX M’ SIKOTKAHUHHUX CTPYKTYp MO pyOLt0 Bij
nonepeanporo BTpydaHHsa. [lepen nepeciuen-
HSM Karcylyd cymio0a B BEpXHIN CyrioOOBHiA
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KT nayiecnma P., 3 nepenomom 20ni6Ku HUHCHb0I
wenenu mun B (3a Neff., 2004) nicis mpasmu

KT nayienma P., 3 nepenomom 2oniexu
HudicHbol wenenu mun B (3a Neff., 2004)
3 micayi nicis onepayii

aui inmaponepayitinoi apmpockonii:
HAs8IHCMb KPO8 SIHO020 32YCMK) 8 NOPONCHUHI
cyenoby, iH’exyis CyouH 8 pempooucko8oMy
npoOCmopi, 8010KHA iOPUHY 3 O3HAKAMU
nponigepamusHo2o 3ananeHHs.

Apmpockonia nayicuma P., 3 nepenomom
20M1IBKU HUNICHBLOT Wenenu yepes 3 micayi
nicist onepayii nio vac susmms Qikcamopis.
Biomivaemocs cinepemis 6 Oinanyi 3a0HbOI
cy2n06080i 36 'a3Ku

Pucynok 1. [lani peatrenonoriunoi Ta aprpockoniunoi kapruau naieHta 3 [ITHI tun B 3a A. Neft 2004
ofpa3y Micis TpaBMU Ta 4epe3 3 MicsLi Micisi IPOBEACHOTO BTPYYaHHs

npocTip BBonuau aptpockon (eHmockon KARL
STORZ1,9mm, Himeuunna) 1y1si OLIHKK M’ SIKO-
TKaHUHHHX CTPYKTYP: 33JHbOT CyTII000BOT 3B 513~
KU, AMCKY Ta Karcyiu cyriio0a, a TAKOXK XPSIIOBOL
BUCTIUIKHU CyIJI000BO1 IMKM Ta ropouka. l'octpuii
Tpoakap 3 KaHIJew aiamerpoM 1,6 MM BBOIH-
JIM Y BEPXHIO CYITIO00BY LIUIMHY 3a JOTIOMOTOO
CTaHJIapTHO1 BEPXHbBOI 3aIHHO-TATEPAIBHOI TEX-
Hiku [18, 19]. [ToTpanusmm BcepequHy Cyriooa,
TOCTpHUil Tpoakap OyJ0 BHIAJIEHO Ta BCTABJICHO
Tynui o0TypaTop JUIsl BIIIUIEHHS M’ SKHX TKa-
nun y CHUIC. IMotim ronky 21G BcTaBisiau Ha
5 MM MenmiasbHO Ta 5 MM KaylajdbHO BiJ] TOYKH
MPOKOJIy poO0OY0i KaHoM, 100 cdopMyBaTu
IIIAX BIATOKY Ta 3a0€3MeYUTH BUKOHAHHS CTaH-

JAPTHOTO apTPOLEHTE3Y Mia JIarHOCTUYHOO Bi-
syaumizantiero. Jlami o0Typarop BUIAISUIA Ta BBO-
WM B MOPOKHUHY cyriolOy enpockon KARL
STORZ 1,9 mm. ApTpockomiuHe JOCIiKEHHS
BEPXHBOTO BILAUTY MOYMHAIM 3 33AHBOTO IOJIIO-
Cy 3 Bi3yaui3alii 3a{Hp01 CyrI1000BO1 3B SI3KH Ta
3aJJHbOI1 CTIHKM TOPOXKHUHHU cyrinoba. [lani koB-
3a04M BHH3 MPOBOJIUTHCS OIlIHKA JUCKY Ta TIiC-
Js1 HBOTO TIE€PEIHBOI CyII000BOI 3B A3KHU. 3 BU-
KOpUCTaHHAM Li€l MeToauku natonoriss CHIIC
MOke OyTH JIETabHO 33I0KyMEHTOBaHA.
Marepianu gociipkeHHs Oyiau oOroBope-
Hl 1 CXBaJeHl KOMICI€l0 3 HUTaHb O10€TMYHOI
eKCIEPTU3H Ta €TUKH HAayKOBUX JOCIiIKEHb
npu HarioHanbHOMY MEAMYHOMY YHIBEPCHUTETI
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imeni O.0. boromonbus (ITporoxon Nel53 Bin
29.11.2021.

JIOCTOBIpHICTh BIAMIHHOCTEH Yy KOHIIEH-
TpalisiX OI[IHIOBAJIH 3a JIOMOMOTOK KPHUTEPIIO
McNamara, a iimoBipHocti merme 0,05 BBaxa-
T 3HAYYIITUMHU.

Pe3syabTarn

VY 26 xBOpUX, 0 YBIHIIIHN A0 KIIHIYHOI Tpy-
niu Oyno niarHocroBano 36 III'HIL. B 14 namien-
TIB JIIarHOCTOBAHO OJTHOCTOPOHHI MEPEIOMHU Ta
B 12-Tn Bumajgkax 1BOCTOpoHHI, B 10 Bumaakax
TpaBMa rojiBKH HHKHBOT IEJIETIH MOETHYBAINUCH
3 MepeIoMaMH Tijla HUKHBOI menenu. Eriomnoris
TpaBMH Oylia HACTyIHA: MaJiHHA — 24 BHUMAIKU
(63.16%), ATII 9 Bunanxkie (23.68%), Mixkoco-
oucticHe Hacwiuid — 5 Bunaakis (13.16%).

3a nanumu MCKT cepen Beix [IT'HIL Tun B
Oyno BusiBneHo y 18 Bunaakax, Tun Cy 18 Bunan-
kax. CTpoK BiJi MOMEHTY TpaBMH 10 IIPOBECH-
HA omeparlii B cepeqHbomy ckiiaB 8,3+3,1 neHsp,
[aTpaomnepariiitna  apTpOCKOIisl, TPOBEJIEHA
Oe3rocepeHbO MM Yac Pemo3uilii Ta ¢ikcarrii
yJAaMKiB BHUSIBIJIa BYHTPIIIHbOCYTIIOOOBI MOpPY-
LIEHHS y BCIX 26 Mali€eHTIB TOCIIIKYyBaHOI Tpy-
4, 1oB’s13aHi 13 roctporo Tpasmoro CHIIC Ta,
MEHILIOI0 Mipolo, i3 BUXIJHUMHU JOTpaBMaTHY-
HUMH 3MiHaMH MOp(oIIorii eIeMeHTIB cyrioda
(Tabm.1). B minsHIi 3308601 CyTII000BOT 3B’ SI3KH
Ta MeIiaJIbHUX BIIJIUIB KallCyJdu CIocTepira-
mu rinepemito (86.1,% 31 cymio6) ta Bupasny
i exito cyauH (58,3% (21 cymio0) BUmaakia),
110 CBITYMJIM TIPO PO3BUTOK CHHOBIITY y abco-
JIIOTHOI OUIBIIOCTI TocTpakaanux. Kpim Toro
y BCIX MAIli€EHTIB BiIMi4aBCSl BUBUX CYIII00O0BO-
rO JIMCKY, 1 HOTO 3MIIIeHHs BIepe] 1 MeIialbHO
paszoMm i3 MaiuM (parMeHTOM 3JIaMaHOi TONiB-
ku HII. Ilpu 1ipoMy HUTICHICTH AWCKY B YCiX
CIIOCTepeKCHHAX Oyina 30epexeHa. [emapTpos
(KpOB’siHI 3TYCTKH Ta KPOBOBUJIMBH) Y BEPXHBO-
My KOMIapTMEHTI Cyri1000BOi MOPOXKHUHU Oyiu
HasiBHI B 52,7% Bunajxkis (19 cyrno0is) (Puc. 2).

INneprutacTUYHUN CHHOBIT 1 TOJIIIMKA CHHOBIT
cnoctepiranu B 13.04% (5 cyrno6iB), HasBHICTh
MOOIMHOKMX craiiok, GpiOpui Ha MOBEpXHi CHO-
JTYYHO-TKaHUHHOTO Xpsiia Ta (piopo3Horo BUMo-
Ty/nebpicy BuzHadanmuch y 34.78% (12 cymo-
0iB) MaIli€HTIB, MEPEBAXKHO CTAPIIOTO BiKY, IO
BKa3yBaJIM Ha HasBHICTH mpobiem i3 CHUIC B
MuHyjI0MY. OT>Ke IOCTTpaBMaruyHi 3MiHHU B ITUX
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BUTIA/IKaX HAKJIAJAINCh HA O3HAKH JIETCHEPATHB-
HUX 3MiH 1ToB’s3anuX 3 natojoriero CHIIC, Ha-
SBHOIO JI0 TPaBMH, IO CYTT€BO YCKJIaJHIOBAJIO
IHTEepIpETAIlilo apTPOCKOMIYHOT KapPTHH.

VY mamieHTiB mia yac BUajgeHHs (ikcaTopiB
3minu B CHILC Oynu 6ib111010 Miporo MoB’si3a-
Hi 3 IIpoIlecamMM NMOCTTPaBMATUYHOI nepeOy10BH
cym1o0y Ta SIBUIIAMU XapaKTepHUMHU JUIs Jiere-
HepaTHBHUX TMporeciB. ['imepemist Kamcynu Ta
1H’ €Ki CYIUH Ha AUISHII PETPOAUCKOBOT 3B’ 53~
KM BHU3Ha4aJIUCh pimme, jume y 16.67% ma-
mieHTiB. HaroMicTh O3HAKM MOYATKOBUX CTaii
ocTeoapTpo3y: (HiOpUHOBUN BHUIIIT B TOPOKHH-
Hi cyrmob6a, GiOpuian Ha MOBEPXHI CIOIYYHOT-
KaHWHHOTO Xpsia, aaresii Ta pyOueBi 3MiHU
Karcyau Oyl HasBHI B PI3HUX MO€IHAHHAX Ta
13 pi3HOIO BHPA3HICTIO apTPOCKOMIYHUX MPOSBIB
y Bcix 100 % marienTiB. SIBuma npoayKTUBHO-
rO CHHOBIITY Ta MOJINW CHHOBIi OyJaH HasBHI y
25% mamientiB (Puc. 3). ITicist mpoBeaeHHS OcC-
TEOCHUHTE3Y B YCIX BUMAJKaxX BlI3HAYAIH PEIo-
3ULII0 JIUCKY, SIKUH yTPUMYBaBCS B MOPOXKHUHI
cyroba depe3 4 MicsIli Mmicis ornepartii, Ha -
JITHKaX PO3PUBIB KaIlCy/Iu 1 3B’s30K BiOyBaBCS
IHTEHCUBHUII Tpo1iec pyOIFOBaHHS.

Oo0rosopenns

JliarHOCTHKa CTyINEeHS YpakeHHS M’ SKHUX
tkaHuH CHILC npu [IT'HI € BaxxnuBoro me-
PEIyMOBOIO UIsl YCIIITHOTO JIIKYBaHHS Ta IMPO-
THO3YBAaHHSl BiJJIaJIeHUX (YHKI[IOHAJbHHUX pe-
3yJbpTariB peabumiTanii XBOpUX IIi€i Kareropii.
Paniie i1 OLIHKA HOIIKOMKEHHS M’ IKUX TKa-
HuH CHIIC npu nepenomMax BUKOPUCTOBYBAJIU
BukitouHo MPT [2, 10, 20], sika BBaxkaeThCsl Ha-
JTIAHUM, HE 1HBa3UBHUM J1arHOCTHYHUM 1HCTPY-
MEHTOM Jjisi 00’ €KTHUBHOI Bi3yaumi3alli cyriooy.
3a nanumu aBropiB MPT no3Boisie BUSBUTH
Taki ymkomkeHHs M sikux TkaanmH CHIIC, sk
3MIIICHHS JMCKY, PO3PHUB JIaTepalIbHOI Karcy-
J¥, YpaKeHHS pPETPOAMCKOBOI TKAaHWHH, PYH-
HYBaHHsS Xpslla Ta BHYTPIIIHbOCYTIIOOOBUM
BumiT [20—23]. OpHak, HAKOMWYESHHUHA HOCBIJ
criBctaBineHHs pe3ynsratiB MPT 13 iHTpaonepa-
IHHUMH 3HAaX1JIKaMH 3aCB1JYMB BUCOKY YaCTOTY
JIIarHOCTUYHHUX ITOMUJIOK Ta HEBIPHOI iHTEpIIpe-
Tanii 300pakeHb NepeBakHO B OiK rinepaiarHoc-
TUKH (HU3bKa CIICIU(IYHICTD), a TAKOXK 3HAYHHIMA
BIUIMB Cy0’€KTUBHUX YMHHUKIB B TPAKTOBII THUX
YH IHIOIMX CUMIITOMIB, III0 POOUTH METOUKY JO-
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Macusnuii kpos saHull 32YCMOoK 8 HOPOICHUHI
CHL]C

In’exyisn cyoun 6 Oinsinyi medianbHol Kancyau
CHIU]C, kpog anuii 32ycmox

Tinepemisn pempoouckogozo npocmopy

Temamonma, zinepemis pempoouckogozo npocmopy,
3 NepPepPO3ImMACHEHHIM 3A0HbOL CYen000601 36 A3KU

In’exyis cyoun ma cinepemisi 8 Oinsanyi OUCKy
CHLC

Bupaosicena cinepemia ma in’exyis cyoun 8 oinanyi
3a0HbOI Cyenobosi 36 s13Ku

Pucynok 2. Aprpockormivna kaptuaa crpykryp CHIC y martieHTiB 3 mepeoMaMu TOJIiBKA
HWKHBOI IIEJEH 0/Ipasy MiCJs TPAaBMU

BOJII omeparop-3ajiexHoi0 [24]. Baxki dopmu
reMapTpo3a, PO3pUBH AMCKY 1 3aIHBOI 3BS3KH
npu [IT'HII] ommcaHi B OesSKUX JOCHIIKEHHIX
Ha ocHoBi MPT [21, 23, 25, 26, 27] He 3HaiILIN
MIATBEP/HKEHHS B p0OOTaX OCHOBAHUX HA 3aCTO-
CyBaHHI apTPOCKOIii, a TaKoX 1HTpaoreparii-
HUX JaHUX OTPUMAHUX IPHU BIAKPHUTIH Xipyprii
CHIILIC 3 npuBoay MOro TpaBMaru4HUX YIIKO-
JDKEHb. [HIIUM Cy4aHHM METOJOM, 1110 J03BOJISIE

IOPOBOAMTU TIpsSME IOCTIIKCHHS Bi3yalli3allio
Ta 0e3MOCEepPEHIO OI[IHKY BHYTPIIIHBOCYTI000-
BUX CTPYKTYp NpH MAToJIOrii, a TaKoX JJ03BO-
Jsi€ 3MIACHIOBATH TIPSIMUM JIIKYyBaJbHHUI BILIHB
Ha ypakeHl AUISHKH € apTpockomis [2, 11, 13].
Bnepmie aprpockomniuni 3minn CHILC mpu ro-
cTpiii TpaBmi Oynu nmocmimkeri B 1990, Goss
and Bosanquet [28]. ABTOpH mpuITyCKaJd, IO
XapakTep TpaBMaTUYHUX YIIKOHKEHb CYT000-
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Bupaoice nponighepamusne 3ananenns 3 6enuxor
KinbKicmio Qiopurnoso2o gunomy
8 NOPOIACHUHY CY2N00Y
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T'inepemis 6 Oinanyi 3a0Hb0I cyenobo6oi 36 'a3xu

Pucynok 3. [lani aprpockomii y nauientis 3 [II'HI y BiggineHomy micisionepariifHoMy nepioni

Taoauus 1. Pesynsratu aprpockoniit CHIC: BHyTpilIHBOCYTIIO00B1 HOPYIIEHHS Y MAIIEHTIB
13 TpaBMaTUYHUMHU TIEPEIOMaMH TOJIIBKH HUKHbBOT ILEIeNH

linepemin | In’exuis cynun . . N .
331(5){1,0'1' B TiJIsiHI 323;[“1,0'1' TporykTBHuil Busux @iopuroBuii BuniT
. s CHHOBIIT/ i yrBopeHHs1 (pidpuI
cyr106oBoi | - 3n’st3ku MuCiy noainu cunosii | oY B MOPOKHUHI cyr;ioda
3B SI3KH CHIIIC P y
[Ipu mpoBeneHHi
pemno3uIIii 31 21 5 36 12
Ta ocreocuntesy | (86,1%) (58,3%) (13,4%)* (100%) (34,78%)
UYepes 4
MicsLi micis
IIPOBEJCHHSA 6 6 9 36
OCTEOCHHTE3Y (16,67%) (16,67%) (25%)* 0 (100%)

*_giominnocmi noctoBipHi 3 p<0.05

BUX CTPYKTYp 3HAYyHOIO MIpOI0 BH3HAYa€ pu-
3UK (YHKLUIOHAJBHUX PO3JIaJiB Y BiIJaICHOMY
micisionepariitnomy mepioai. Brim gane mocmi-
JDKEHHS KOHIIEHTPYBAJIOCh JIMIIE HA MAIli€HTaXx 3
nepesoMaMy BUPOCTKOBHX BIJIPOCTKIB 1 HE J03-
BOJIMJIO BUCTOBUTHUCH Tipo TIT'HIII.

Ham Bimoma mnumie omHa myOsikamis, IO
BuByana aprpockomiydi 3minu CHILC micnsa
tpaBMatnyHux [II'HI] [1]. 3a nanumu aBTOpIB
HaOLIBII MOUIMPEHUMH MOCTTPaBMAaTHUYHUMHU
3MiHAMH €JEeMEHTIB cyrio0y Oynu rinepemis Ta
MOCHUJICHHS CYAMHHOTO MAJIOHKY B JUISHIN 3a-
THBOI CYTTIO0OBOI 3B’S3KH, IO 3yCTPIYaIOCh Y
100% mnamienTiB. Lle 3HauHOIO MipOKO 30Ira€eTh-
csl 13 pe3yJbTaTaMH HallluX JOCITIDKEeHb, IO Y
OLTBIIIOCTI XBOPUX BHSBUJIM HASBHICTH O3HAK
TOCTPOrO TPaBMATUYHOIO aAPTPUTY/CUHOBIITY
(rimepewmis, iH’ekuis cyauH, (iOpUHO3HUN BH-
IiT), TeMapTpo3y Ta auciokaiii aucky. Lli o3-
HAaK{ MaJjM Pi3HY BUPA3HICTb 3aJIEKHO BiJ BaXK-

KocTi TpaBmH 1 mpemop6innoro crany CHIIC ta
pO3IIISIIATTUCh HAMU, SIK YMHHUKH, 110 MOXYTh
CHPUATH XPOHi3allii BHYTPINIHIX MOPYIIEHb Ta
PO3BUTKY YCKJIAJIHEHb B MICIISONEpaiHHOMY
nepiofi.

B Hamiii po60Ti B yciX XBOPUX BiI3HAYAIINCH
BHUBHX JUCKY 1 HOTO JMCIIOKAIIis, IO CITIBIaaaia
31 3MIMIEHHSAM Majoro (pparMeHty, Ha BiAMiHY
Bix nanux Neff&Kolk 2015 [2], skuii BUSBUB BH-
BUX TUCKY jwuiie B 85%. Lle moscHIOeTbCS THM,
1o B po6oti Neff&Kolk 2015 [2] kpim neperno-
MmiB Tuny B i C, po3misganuchk TakoX NepeioMu
tuny A 3a Neff et al., 2004, 110 B Hammomy goci-
JOKSHH1 AU T KPUTEPii BUKITIOYCHHS 1 B
3HAYHIA YaCTHHI BUMAJIKIB JIIKYyBaJIUCh KOHCEP-
BatuBHO. CaMe IpH TaKOMY THIIl ITEPEIOMY 3Mi-
HICHHS JAMCKY 13 WOT0 MPHUPOJHOTO TMOJOKEHHS
MOJKE HE BiIOyBaTHCH.

JlocmipkeHHsT Ha BENWKIM cepii MallieHTiB
Kolk & Neff, 2015 [2] nemoncTpy10Th, 1m0 80%
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nartieHTiB 3 [IIHI mamm BuBux aucky CHIIC,
0 B YCIX BHITQJKaxX BIPABISABCS y (i3iojoriuHe
TTOJIOXKEHHS TTiJ] Yac Pero3uilii KiCTKOBUX (par-
MeHTiB. [le MOBHICTIO MiATBEPAKY€ETHCS HAIIH-
MU JaHUMU Ta pe3yibTaraMu apTpockorii. Kpim
TOT0, apTPOCKOIis, MPOBEAEHA y BiIAAJICHOMY
micnsonepamniiHoMy nepiofl maTBepauia yTpu-
MaHHS JMCKYy B MOPOXHHUHI CyI00a MPOTATOM
HACTYITHHX 4 MICALB, IO MiATBEPIKYE €PEKTUB-
HICTb XIpypriuHOTO METONy Y BIJHOBJIEHHI HOp-
MaJIbHUX aHaToMivYHuX criBBigHOMmEeHs B CHILC,
Ta BIJICYTHICTh TOTPeOM B OJATKOBIN (hikcarii
JUCKY B a0comroTHIM Oinbriocti Bumakis [TTHIL
tuny B 1 C. 3MimeHuii JUCK MOTEHIIHHO MOXe
CTBOPIOBATH PU3HUKH PO3BUTKY MOCTTPaBMaTH-
HOTO aHKino3dy [26, 27, 29] HaToMicTh, SBHIIIA
remapTpo3y (1o 3ycrpivaBcs B 57,2% marieH-
TiB) Ta TOCTPOro CHHOBIiTY (TimepeMis, 1H €Ki
CY[MH) € TOTEHLIHHO 3BOPOTHIMU i HE HECYTb
3HAYHOI 3arpo3M aHKIJIO3yBaHHS B YMOBax paH-
HBOI MOOLTI3a1ii Ta 3aCTOCYBaHHS MEXaHOTEparii
BaxinBuM nuTaHHAM, 10 paHiIIe HIKOIU HE J10-
CIT/DKYBAJIOCH 32 JOTIOMOTOK0 METOIY apTPOCKO-
mii € BigJaJieHl pe3yJbTaTh XIPypriuHUX BTPY-
yanp y marientiB 3 [ICHIL, 3 Touku po3BUTKY
BHYTPIIIHIX TIOPYIICHD Ta 3MiH M SIKOTKAHHHUUX
eneMeHTiB cyrio0iB. Li 3MiHU JeTepMiHOBaHI He
TIUIIE HACTIIKaMU TPAaBMHU ajie il 0COOMUBOCTAMU
MPOBEJCHHS XIpYpriuyHUX BTpydYaHb, X TpaBMa-
THYHICTIO, BIUIUBOM UY>KOPiJHHUX TiJ1 — €IEMEHTIB
¢ikcarii Ta pexxuMiB peadiniTaiii B TOCTTpaBMa-
THYHOMY Tiepioni. HasBHI BinmaneHi pesynbraTu
3a nauumu MPT [2] € koHTpOBepCiitHUMH, Ba-
KHMH IS IHTEPIIPETAIlii, a HeP1JIKO HETTOBHUMU 5K
y nanienTiB 3 [II'HILL, sskum Gyno nposeneHo Bif-
KPUTY PEMO3UINI0 1 OCTEOCHHTE3, TaK 1 B Tpymnax
0e3 xipypriu”oro JikyBaHHs [24]. BigminHOIO
0COOJIMBICTIO TIPOBEICHOTO HAMM JOCIIIIKEHHS
OyJ10 IPOBENIEHHS apTPOCKOIIii B CTPOK 4 Micslli
icys XipypridyHOro BTPYYaHHs, L0 JIO3BOJISIIO
omianTy Bigmaneni 3mini B CHIIC micns npose-
JICHHS X1pypriuHuX BTpy4aHb. 3a HAIIUMH JaHU-
MU MOI0HE TOCIIHPKEHHS TPOBOJUTHCS B MEPIIIE.
OTtpumani JaHi cBiI4aTe Npo MPOSBU TOCTPOTO
CHHOBIITY y OUIBIIOCTI MAIiEHTIB 3MEHIIYIOTh-
Csl, HATOMICTh CTAIOTh OLJIBII BUPAKECHUMU JIHC-
TpodidHi 3MiHH, IO BIAMOBIIAIOTH MOYATKOBUM
CTaJisIM OCTE0apTPO3y, 3YCTPIYAIOTHCSA Y BCIX
MIPOOTIEPOBAHUX XBOPUX, 30UIBIIYETHCS YacTOTA
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BUSIBJIIGHHS O3HAaK XPOHIYHOTO HPOTYKTHBHOIO
CUHOBIITY 1 MOJMIMIB CHHOBIH.

[IpoBeneni Hamu JOCHITKEHHS 3acCBIA4YU-
JM JTOUUIBHICTH MPOBEAEHHS pPeBi3ii cyroly i
BUAANICHHS (DIKCATOPIB Y BiAJAJIEHOMY IiCIISAO-
nepamiitnoMmy nepioai A npodiTaKTHKH OCTe-
0apTpo3y Ta BHyTpimHiX posznazais B CHIIC. 3
uiei Touku 30py, aprpockonis CHIIC Bussu-
JIach HE JIMIIE HaIIHHUM METOAO0M I1arHOCTHUKH
BHYTPIIITHLOCYTJIOOOBHUX MOPYIIEHb TPH TPaB-
MarnuHux [II'HIL, a Moxke posmisimatucs sk
IHCTPYMEHT JIKyBJIbHOTO BIUIMBY Ha mepeoir
[aTOJIOTYHUX MPOLECIB B PAHHBOMY 1 MI3HBOMY
micnsonepaniifHoMy nepiosii 3 METOI Mpogiiak-
THUKH IX IPOrPECYBaHHs Ta JOCATHEHHs IMOBHOI
¢yHKIIOHATBHOI peabimiTamii MmocTpakJaInX.
Bonrodac mpunymenns [1], oo aprpockomis i
naBam BepxHboro kommaprmenty CHILC npu
NPOBEEHHI OCTEOCHHTE3y MOXYTh BHCTYIIATH
eexTuBHUM 3ac000M MPOGITAKTUKH BHYTPIIII-
HbOCYIJIOOOBUX TOPYIICHb Y BiaJIEHOMY ITiC-
JSATpAaBMaTUYHOMY Iepio/ii He 3HAMIIUIN TOBHOT'O
HiATBep/PKEeHHs B Haniii pobori. [ToBTopHa pe-
Bi3isl, MPOMHUBAHHS CyIi100a, JIKBiaIlis CIaioK 1
[aTOJIOTYHOTO BHYTPIIIHOCYTIIO00BOTO BMICTY
y BiJJIaJIECHOMY TICJISIONIEpAIliifHOMY Tepioal Ha
HAIlly JYMKY € Ba)XJINBUM €JIEMEHTOM €(EKTHB-
HO1 (PyHKII10HAJIbHOT peadiiiTallii XBOpUX.

Jlane nmocmipKeHHS Mae€ HU3KY OOMEXKEHb
cepen SKUX BIIHOCHO HEBEJHMKA KUIBKICTH IMa-
IIEHTIB, IO HE O3BOJISJIAa OXOMUTH BCE PI3HO-
maHiTTs TuniB [II'HIL, BincyTHiCTh JaHUX MPO
apTPOCKOIIYHI 3M1HU B HUKHbOMY KOMITaPTMEH-
Ti cymio6a, OUIbII CXWUJIBHOMY J0 YTBOPEHHS
cnaifok 1 anresiit aucky. Kpim toro, HeoOximHi
MOAAJIBIII JOCHIKEHHS! CTaHy XBOPUX y OUIBII
BiJlTAJICHI CTPOKH 13 CITIBCTABJICHHSAM KITIHITHHX
Ta apTPOCKOMIYHUX JAHHUX, a TAKOXX MOPIBHIH-
HS apTPOCKOMIYHOI KapTwHH 13 gaHumMu MPT
st (OpPMYBaHHsS ONTHUMAJIBHUX JIIKYBaJIbHO-
JIarHOCTUYHMX cTparterii [2, 12, 13]

BucHoBku

[Ipu tpaBmarnunux IIT'HIL 31 3MinieHHsIM
ynaMkiB B CHIIIC po3BUBa€eThCS KOMIUIEKC BHY-
TPIIIHIX MOPYILIEHb, IO MOJArae B GOopMyBaHHI
remMaptposy (52,7%), po3BUTKY TOCTPOTO CHHO-
BiiTy 13 rinepemieio(86,1%) Ta iH’€KIi€r0 CyauH
KariCyJIid Ta peTpoAuckoBux TkaHuH (58,3%), a
TakoX mepeaHii BuBHx nucky (100%) 3 mepe-
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PO3TATHEHHSM Ta PO3pUBAMM 33JHBOI 3B’A3KM  IPOTATOM HACTYyNHUX 4 MICALIB, IO MIATBEp-
cyro6oBoro aucky. IlocTTpaBMTHYHI 3MIHM B KY€ €(EKTUBHICTh XIPypridHOTO METOAY Y
Ccyr1o0l HAKJIAJaloThCS HA ICHYIOYl BHYTpIII-  BIJHOBIEHHI HOPMAallbHUX AaHATOMIYHHUX CIIiB-
Hi MOpYILEHHs, KI B3a€EMHO OOTsDKYIOoTh oquH  BifgHomieHb B CHIIIC, Ta BifcyTHICTh NOTpeOH B
OJTHOTO 1 MOTIPIIYIOTH MPOTHO3 IMIO0 MOBHOTO  JOAATKOBIH (hikcarlii AUCKY B aOCOMIOTHIN O1J1b-
(YHKIIOHAJILHOTO BiJIHOBJICHHS. mocTi Bunazakis [I'HI tumy B 1 C.

Yepe3 4 wmicsmi micis NpoBeNeHHs BiIKpH- Aptpockonis CHIIIC € HapiiHUM METOIOM
Toi pemo3uiii Ta ocreocunTe3y [II'HIL] mposiBm ~ giarHOCTUKKM  BHYTPINIHBOCYTIIOOOBUX  TTOPY-
TOCTPOr0 CHHOBIITY 3MEHIIYIOTHCS, HaroMmicTb  mieHb npu TpaBmaruunux [IT'HI 1 moxe pos-
CTalOTh OUIbLI BUPAKEHUMH AUCTPO(DIUHI 3Mi-  IIISIIATHCS SIK IHCTPYMEHT JIIKYBaJbHOTO BILJIUBY
HH, IO BI/MOBIIaI0Th TTOYATKOBUM CTaJisIM OC-  Ha Mepedir MaToJoriyHruX MPOIEeCiB B pAHHHOMY
TE0apTPO3y, 3YCTPIYAIOTHCA y BCIX MPOOIMEpPO- 1 Mi3HBOMY IicCIsONepaliiiHoMy mepioai 3 Me-
BaHUX XBOPHUX 1 BKJIIOUAIOTh (hiOpPUHOBUI BUMIT  TOH MPO(]INAKTUKH iX MPOTrpecyBaHHS Ta JO-
B HOPOXHUHI cyrio0a, (GiOpuiau Ha MOBEpXHI  CSATHEHHs MOBHOI (DyHKLIOHAJIBHOI pealimiTanii
CTOJIyYHOTKaHUHHOTO Xpslla, aaresii Ta pyOue-  MOCTpakAalux.

Bi 3MIHU KarcCyjH, 10 Oy/IM HasiBHI B Pi3HUX I10- dinaHCyBaHHA
€IHAHHSX Ta 13 PI3HOI0 BUPA3HICTIO apTPOCKO- Jlane mOCHiDKCHHS HE OTPHUMAJIO 30BHIIII-
niyHuX posBiB y BCix 100 % mamienTiB. SIBumia  HBOTO (hiHAHCYBaHHSI.
MPOAYKTUBHOIO CHHOBIITY Ta MOJINH CHHOBIL Konduiikr inTepecis
Oynu HasiBHI y 25% nanienTis. [Ipu upomy, B 10- ABTOpH 3aCBIAYYIOTh BIJICYTHICTb KOH(QIIK-
CIDKeHId cepii Oynu BiZICYTHI MaKpOCKOIIIYHI  TiB IHTEPECIiB
O3HAKU PYWHYBaHHS MOKPUBHOIO Xpslla, €Kc- 3roga Ha nmyOJikauniro
no3uLii KICTKOBUX CTPYKTYp Ta ajresii IUCKY Bci aBTopu 03HallOMIIEH1 3 TEKCTOM PYKOMH-
y BEpXHbOMY KOMIApTMEHTI, 10 CBIAYUTH MPO  Cy Ta HAJAJH 3roJy Ha HOro myOsiKaliio
MOTEHIIIHY MOXXJIMBICTh 3BOPOTHOTO PO3BUTKY ORCID ID Ta BHecOK aBTOpiB
MATOJIOTIYHUX TPOIIECIB MPH 3aCTOCYBaHHI Bij- 0009-0002-0088-1963(A, B, C, D, E, F)
MOBITHHX JIIKYBaJIbHUX CTpATeriil. Khasapetov Benik

[Tpu TII'HIL] 31 3MimieHHSIM yJIaMKiB B XOJi A — Work concept and design, B — Data

iX BIIKpUTOI peno3ulii B ycix Bumaakax nocsi-  collection and analysis, C — Responsibility for
rajoch MOBEPHEHHS TUCKY B IpHpoaHe mojo-  statistical analysis, D — Writing the article, E —
JKEHHS 1 Horo yTpuMaHHs B mopokHHHI cyroda  Critical review, F — Final approval of the article
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Arthroscopic Manifestations of Internal Temporomandibular Joint Disorders
in Patients with Traumatic Fractures of the Mandibular Condylar Head
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Abstract: the aim of this study was to evaluate the nature and severity of post-traumatic changes
in the temporomandibular joints (TMJ) using arthroscopy in patients with II(MCHF) during the early
and late post-traumatic periods. The study included 26 patients with 36 MCHF fractures of types
B and C (according to Neff et al., 2004) with displaced fragments, who underwent open reduction,
fragment fixation via osteosynthesis, and a secondary surgical intervention 4.2+1.2 months later
for the removal of fixators and revision of surrounding soft tissue structures. The surgeries were
performed under general anesthesia using a retroauricular approach. Prior to capsule incision, an
arthroscope (KARL STORZ 1.9 mm, Germany) was inserted into the upper joint compartment to
assess soft tissue structures such as the posterior joint ligament, disc, and joint capsule, as well as
the cartilaginous lining of the articular fossa and eminence, using the standard posterior superior-
lateral technique. Intraoperative arthroscopy performed during fragment reduction and fixation
revealed intra-articular abnormalities in all 26 patients, primarily related to acute TMJ trauma
and, to a lesser extent, to pre-existing morphological changes of the joint elements. In the area of
the posterior joint ligament and medial portions of the capsule, hyperemia (86.1%) and pronounced
vascular injection (58.3%) were observed, indicating the development of synovitis in the majority
of patients. Furthermore, all patients had disc displacement, with anterior and medial dislocation,
accompanied by a small fragment of the fractured mandibular head. The integrity of the disc was
preserved in all cases. Hemarthrosis (blood clots and hemorrhages) in the upper compartment of the
Jjoint cavity was present in 52.7% of cases. Hyperplastic synovitis and synovial polyps were observed
in 13.04%, while isolated adhesions, fibrils on the surface of connective tissue cartilage, and fibrous
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exudate/debris were identified in 34.78% of patients, primarily in older individuals, indicating
previous TMJ issues. In patients during fixator removal, TMJ changes were more related to post-
traumatic remodeling processes and phenomena typical of degenerative processes. Hyperemia of
the capsule and vascular injection in the retrodiscal ligament area were observed less frequently,
in only 16.67% of patients. In contrast, signs of early osteoarthritis, such as fibrinous effusion in
the joint cavity, fibrils on the surface of fibrocartilage, adhesions, and scarring of the capsule, were
present in various combinations and degrees of expression in 100% of patients. Productive synovitis
and synovial polyps were observed in 25% of patients. After osteosynthesis, disc repositioning was
achieved in all cases, and the disc remained in the joint cavity 4 months post-surgery, confirming
the effectiveness of the surgical method in restoring normal anatomical relationships in the TMJ,
and eliminating the need for additional disc fixation in the majority of MCHF fractures of types B
and C. TMJ arthroscopy is a reliable method for diagnosing intra-articular disorders in traumatic
MCHF and can be considered a therapeutic tool for managing pathological processes in both the
early and late postoperative periods, with the goal of preventing their progression and achieving full
functional rehabilitation of the affected patients.

Keywords: Arthroscopy,Mandible,MandibularCondyle, Mandibular fractures, Temporomandibular
joint, Temporomandibular Joint Disorders
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Clinical and laboratory features of COVID-19
in the vaccinated patients and the patients after previous illness
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Abstract: patients with COVID-19 can have a wide range of clinical manifestations: from
generalized intoxication and respiratory symptoms to complaints from other organs and systems. The
severity of the disease primarily depends on the age of the patients, the presence of comorbidities,
and the susceptibility of the body to a particular variant of the SARS-CoV-2 virus. Vaccination and
pre-infection provide a period of immune protection against reinfection. However, it has been reported
that patients who have been vaccinated or have had COVID-19 can get sick in the same way as non-
immune individuals. The aim of our study was to analyze and compare clinical and laboratory features
of the course of coronavirus disease 2019 among hospitalized vaccinated patients who contracted
COVID-19 for the first time and hospitalized unvaccinated patients who had previously contracted
COVID-19, which was confirmed by laboratory tests. The study included 220 hospitalized patients
who were divided into two groups: vaccinated patients who had no history of confirmed COVID-19
(n=129) and unvaccinated patients who had previously contracted COVID-19 (n=91). Results:
unvaccinated patients who had history of confirmed COVID-19 had a more pronounced clinical
picture of the disease; absolute lymphopenia was significantly more common in patients with severe
and critical course in both study groups (p=0,0001); mean C-reactive protein values were statistically
significantly different between patients of both groups with moderate, severe and critical course of
COVID-19, and were the highest ones in patients with critical course who died (p=0,0001).

Keywords: COVID-19; C-Reactive Protein; Diagnosis; Disease Progression; Lymphopenia;
Pneumonia; Respiratory Insufficiency.

Introduction more than 3,000 newly confirmed cases per

Coronavirus disease 2019 is an acute day. To combat COVID-19, China introduced
respiratory illness caused by the novel highly unprecedentedly  strict health  measures.
contagious coronavirus SARS-CoV-2, which However, despite this, the virus quickly spread
was first detected in late 2019 in the Chinese to other countries, and on March 11, 2020,
city of Wuhan. The COVID-19 outbreak in the WHO officially characterized the global
China reached an epidemic peak in February = COVID-19 outbreak as a pandemic [1,2].
2020. According to China’s National Health After three years of fighting the pandemic,
Commission, the total number of cases continued  on May 4, 2023, the World Health Organization
to rise sharply in early February, averaging finally announced that COVID-19 is no longer a
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«global health emergency of international con-
cern» [3].

The study of the clinical course of coronavirus
disease 2019 remains one of the leading scientific
interests of scientists around the world. Thus,
according to the accumulated data of numerous
studies, it is known that the spectrum of clinical
manifestations of infection caused by the SARS-
CoV-2 virus can vary from asymptomatic to life-
threatening complications of COVID-19 and
death. The severity of the disease depends on
gender, age, comorbidities, virus variant, and the
dose of the pathogen that entered the body [4-6].

The incubation period is usually about
5 days (1 to 14 days). The most common clinical
symptoms are fever, dry cough, headache, and
fatigue [7-9]. Patients with coronavirus disease
2019 may also experience complaints of sore
throat, impaired sense of smell or taste, chest
pain, sputum production, shortness of breath, or
less common symptoms such as nausea, vomiting,
diarrhea, and gastrointestinal complications,
making it difficult to make a definitive diagnosis
[10-13].

In the vast majority of patients, coronavirus
disease 2019 is mild, without the development of
clinically significant pneumonia and respiratory
insufficiency. Severe disease is associated
mainly with the following risk factors: obesity,
cardiovascular disease, diabetes mellitus, COPD,
malignant tumors, chronic renal failure [14].

The laboratory findings most consistent with
COVID-19 are lymphopenia, elevated C-reactive
protein (CRP) levels, and an increased erythrocyte
sedimentation rate. Procalcitonin can usually be
elevated due to bacterial co-infection. Patients
with severe COVID-19 may have high levels
of cytokines and chemokines in blood, such as
interleukin (IL)-7, IL-8, IL-9, IL-10 [1,4,6].

Vaccination and prior infection result in
a humoral and cellular immune response.
Unvaccinated individuals with a previous
infection may have the same level of protection
as fully vaccinated individuals without a previous
infection [15]. However, with the emergence of
new strains of SARS-CoV-2, reinfection after
COVID-19 or breakthrough infection in fully
vaccinated patients is increasingly reported
[16,17].
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In summary, it can be noted that for a better
understanding of coronavirus disease 2019, there
is a need to study the clinical and laboratory
features of this disease in patients after primary
infection compared to vaccinated patients.

Aim

The aim to analyze and compare clinical and
laboratory features of the course of coronavirus
disease 2019 among hospitalized vaccinated
patients who contracted COVID-19 for the first
time and hospitalized unvaccinated patients who
had previously contracted COVID-19, which
was confirmed by laboratory tests.

Materials and methods

220 case histories of patients with coronavirus
disease 2019 who were hospitalized in the
Infectious Diseases Department and the Intensive
Care Unit for Infectious Diseases at Kyiv City
Clinical Hospital No. 9 between December 2021
and January 2023 were included in our study.
The diagnosis of COVID-19 was confirmed
in the laboratory by PCR or a rapid test for the
qualitative determination of viral antigen in
all patients. Two study groups were identified:
hospitalized vaccinated patients without a
history of COVID-19 (group I), and hospitalized
unvaccinated patients who had previously had
COVID-19, which was confirmed by laboratory
tests (group II). Vaccination status and previous
COVID-19 disease were checked through the
eHealth electronic healthcare system. The
hospitalized vaccinated patients had coronavirus
disease 2019 for the first time (no laboratory-
confirmed case of the disease was previously
recorded).

Criteria for severe disease were determined
in accordance with the protocol «PROVIDING
MEDICAL CARE FOR THE TREATMENT
OF CORONAVIRAL DISEASE (COVID-19)»
(Order of the Ministry of Health of Ukraine
No. 762 of April 02, 2020 (as amended by the
Order of the Ministry of Health of Ukraine of
May 17, 2023)). Patients were divided into three
groups according to their severity: moderate,
severe, and critical. All patients in critical
condition died.

The collected data included age, gender,
symptoms of the disease (fever, cough, catarrhal
manifestations), respiratory insufficiency, X-ray
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picture, general, biochemical blood counts, and
coagulation.

Depersonalized patient data were used in
the processing of medical histories. Statistical
analysis was performed using the licensed
statistical package Stata 12.1. Descriptive statis-
tics for qualitative parameters are presented
through the distribution in absolute values
and percentages. For quantitative features, the
characteristic of compliance with the normal
distribution of data was determined by the
Shapiro-Wilk test. According to the results, the
median [IQR], arithmetic mean and standard
deviation were determined. Comparison of
subgroups for qualitative traits was performed
by Pearson’s Chi-square and Fisher’s exact test
with the number of observations in subgroups
up to 5. Analysis of variance (ANOVA) was
used to compare quantitative parameters. The
difference between the study groups is considered
statistically significant at a significance level of
p<0,05.

Results

Group I consisted of 129 people with an ave-
rage age of 66,7+13,7 years, including 74 (57,4%)
women with an average age of 63,5+14,2 years
and 55 (42,6%) men with an average age of
63,3+13,5 years. Group II consisted of 91 people
with an average age of 67,6£14,3 years,
including 49 (53,8%) women with an average
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age of 68,9+15,1 years and 42 (46,2%) men with
an average age of 59,9+14,7 years. Tables 1 and
2 show the age statistics in different severity of
the COVID-19 in both groups. The difference in
the age composition among vaccinated patients
(group I) depending on the severity was not
statistically significant (p=0,121). The difference
in age composition among unvaccinated patients
after the disease (group II), depending on the
severity, is statistically significant (p=0,0007).

Tables 3 and 4 show the sex distribution in
both study groups depending on the severity of
the disease. The groups do not differ in terms of
gender composition and distribution depending
on the severity of the disease (p = 0,092 for
group I and 0,906 for group II, respectively).

The main clinical symptoms observed in
patients of both groups included fever, dry cough,
and catarrhal manifestations (sore throat, runny
nose, nasal congestion).

The respiratory insufficiency was determined
by a combination of clinical signs (presence of
dyspnea, respiratory rate, level of saturation due to
pulse oximetry). Patients with moderate severity
of the disease in both groups had no respiratory
insufficiency, while severe and critical patients in
both groups had respiratory insufficiency.

Instrumental diagnostics for the detection of
pneumonia included X-ray and/or CT of the chest
organs. It should be noted that the sensitivity of

Table 1. Age statistics analysis: vaccinated patients without prior history of COVID-19 (n=129)

COVID-19 . Age (year)
severity Me (25-75%) M SD Min Max 95% JI
Moderate 101 67 (50-75) 61,9 17,0 18 88 58,5-65,3
Severe 18 69 (58-78) 67,4 11,9 42 85 61,5-73,4
Critical 10 77 (61-79) 71,1 11,6 48 84 62,7-79.4
P 0,121 (ANOVA)
Table 2. Age statistics analisys: unvaccinated patients who had previously had COVID-19 (n=91)
COVID-19 N Age (year)
severity Me (25-75%) M SD Min Max 95% JI1
Moderate 50 61,5 (45-74) 59,3 17,5 20 88 54,2-64,2
Severe 22 72,5 (55-81) 67,7 15,9 40 92 60,7-74,8
Critical 19 82 (71-84) 75,8 10,9 49 86 70,9-80,7
P 0,0007 (ANOVA)
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Table 3. Analysis of sex distribution: vaccinated patients without prior history of COVID-19

(n=129)
COVID-19 severity N Womem abs, (%) Men abs, (%) P (X?)
Moderate 101 63 (62,4%) 38 (37,6%)
Severe 18 7 (38,9%) 11 (61,1%) 0,002
Critical 10 4 (40,0%) 6 (60,0%) ’
All 129 74 (57,4%) 55 (42,6%)

Table 4. Analysis of sex distribution: unvaccinated patients who had previously had COVID-19

(n=91)
COVID-19 severity N Women abs. (%) Men abs. (%) P (X?)
Moderate 50 26 (52,0%) 24 (48,0%)
Severe 22 12 (54,6%) 10 (45,4%) 0.906
Critical 19 11 (57,9%) 8 (42,1%) ’
All 91 49 (53,9%) 42 (46,1%)

radiography did not allow detecting pneumonia
in some cases. Patients who recovered were
discharged without radiographic evidence of
pneumonia or with residual effects.

All laboratory methods of examination were
evaluated over time. Clinical and laboratory
features of the course of coronavirus disease 2019
for both study groups according to the severity of
the disease are presented in Tables 5 and 6.

The analysis revealed that in the group of
vaccinated patients, pneumonia was diagnosed in
107 (83,0%), and among unvaccinated patients
who contracted COVID-19 again, in 77 (84,6%).
All patients with severe and critical illness had
pneumonia and respiratory failure (p=0,018 and
p=0,0001, respectively).

In both study groups, fever was observed in all
patients of varying severity without a significant
difference between the groups (p=0,999 for group
I and p=0,998 for group II). While such clinical
signs as cough and catarrhal manifestations did
not differ statistically in patients of group I of
moderate, severe and critical course (p=0,163,
p=0,347, respectively), in group II the presence
of these symptoms was significantly more
common in patients with severe disease (p=0,001
and p=0,0001, respectively).

Among the main differences in the changes
in the complete blood count, it can be noted that
in unvaccinated patients with a repeated case of

COVID-19 who had amoderate degree of severity,
lymphocytosis was more often recorded in the
complete blood count (p=0,037), in contrast to
vaccinated patients, in whom lymphocytosis was
observed without a significant difference between
the groups in terms of severity of the disease
(p=1,00). In both groups, absolute lymphopenia
was significantly more common in patients with
severe disease (p=0,0001). The increase in ESR in
vaccinated patients was statistically significantly
different between patients with moderate, severe
and critical disease (p=0,002), but did not differ
in patients with previous COVID-19 (p=0,388).
Average CRP values increased with increasing
severity of COVID-19 in both study groups. Thus,
for patients of group I with moderate severity, the
CRP value ranged from 23,7+40,2, for severe —
59,2455,3, for critical — 106+=111,4 (difference
between groups is statistically significant,
p=0,0001). For patients of group II with moderate
severity, CRP values ranged from 16,0+24,9, for
patients with severe course — 41,7+£32,0, and
for patients with critical course — 124,1+£84,4
(p=0,0001). Changes in blood chemistry and
coagulogram were significantly more frequent in
patients of both groups with severe and critical
course of the disease.

Discussion

In most cases, coronavirus disease 2019
manifests with generalized intoxication and
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Table 5. Clinical and laboratory features of COVID-19 in hospitalized vaccinated patients

(n=129)
ey ALL Moderate Severe Critical
Sameieiiingicatons n=129 severity n=101 | condition n=18 | condition n=10 P (F)
g:s‘zg:; of pneumonia 107 (83,0%) | 79 (78,2%) 18 (100%) 10 (100%) | 0,018
Presence of respiratory o 0 o o
insufficiency abs. (%) 28 (23,1%) 0 (0%) 18 (100%) 10 (100%) | 0,0001
Presence of fever abs, (%) | 129 (100%) 101 (100%) 18 (100%) 10 (100%) 0,999
Presence of cough abs, (%) | 81 (62,8%) 60 (59,4%) 12 (66,7%) 9 (90,0%) 0,163
Presence of catarrhal o o o o
manifestations abs, (%) 60 (46,5%) 48 (47,5%) 6 (33,3%) 6 (60,0%) 0,347
i"sr,‘?;j)general bloodtest | 55 19490 | 24 (23,8%) 1 (5,6%) 0 (0%) 0,064
Leukocytosis abs, (%) 20 (15,5%) 12 (11,9%) 6 (33,3%) 2 (20,0%) 0,055
Lymphocytosis abs, (%) 5(3,9%) 5 (5,0%) 0 (0%) 0 (0%) 1,00
‘;)zs‘z%e lymphopenia 59 (45,7%) 34 (33,7%) 15 (83,3%) 10 (100%) | 0,0001
Increased ESR abs, (%) 87 (67,4%) 63 (62,4%) 18 (100%) 6 (60,0%) 0,002
CRP (average) 35,1£55,8 23,7+40,2 59,2+55,3 106+111,4 0,0001
;%‘;r(e;:)ed glucose level 40 31,0%) | 22 (21,8%) 10 (55,6%) 8(80,0%) | 0,0001
Increased liver function o o o o
tosts abs, (%) 18 (14,0%) 10 (9,9%) 4(22,2%) 4 (40,0%) 0,016
Increased levels of renal o o o o
function tests abs, (%) 5(3,9%) 0 (0%) 3 (16,7%) 2(20,0%) | 0,0001
Normal coagulogram o o o o
values abs, (%) 43 (33,3%) 41 (40,6%) 2 (11,1%) 0 (0%) 0,002
Increased prothrombin o o o o
time abs, (%) 86 (66,7%) 60 (59,4%) 16 (88,9%) 10 (100%) 0,002
Reduced prothrombin o o o o
index abs, (%) 18 (14,0%) 12 (11,9%) 6 (33,3%) 0 (0%) 0,029
Table 6. Clinical and laboratory features of COVID-19 in hospitalized patients who had
previously had COVID-19 (n=91)
o _ Moderate Severe condition Critical
NEYTS G T LB severity n=55 n=22 condition n=19 | T ®
;gzsif;j)e of pneumonia 77 (84,6%) | 36 (72,0%) 22 (100%) 19 (100%) | 0,0001
Presence of respiratory o o o 0
insufficiency abs, (%) 41 (45,1%) 0 (0%) 22 (100%) 19 (100%) 0,0001
Presence of fever abs, (%) | 90 (98,9%) 49 (98,0%) 22 (100%) 19 (100%) 0,998
apgzsi%e of cough 67 (73,6%) | 31 (62,0%) 22 (100%) 14 (73,7%) | 0,001
Presence of catarrhal o o o o
manifestations abs, (%) 37 (40,7%) 18 (36,0%) 19 (86,4%) 0 (0%) 0,0001
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Table 6. (continued)
- _ Moderate Severe condition Critical

BT GV TR AL severity n=55 n=22 condition n=19 2L
:L‘;m({;j)ge“eml bloodtest | 4 4 405 4 (8,0%) 0 (0%) 0 (0%) 0,402
Leukocytosis abs, (%) 28 (30,8%) 9 (18,0%) 8 (36,4%) 11(57,9%) | 0,005
Lymphocytosis abs, (%) 11(12,1%) | 10 (20,0%) 1 (4,6%) 0 (0%) 0,037
ﬁjb:‘z})zt)e lymphopenia 37 (40,7%) 11 (22,0%) 15 (68,2%) 11(57,.9%) | 0,0001
Increased ESR abs, (%) 77 (84,6%) | 40 (80,0%) 19 (86,4%) 18 (94,7%) | 0,388
CRP (average) 44.8+61,6 16,0+24.9 41,7+32,0 124,1484.4 | 0,0001
;%‘;r(e;:)ed glucose level 45 (49,5%) | 21 (42,0%) 6 (27,3%) 18 (94,7%) | 0,0001
I:S‘:trsezf)zd (lol/z)er function 4 (4,4%) 0 (0%) 3 (13,6%) 1 (5,3%) 0,023
Ifunﬁzetf‘sﬁ‘g:tvsefb;’f(ﬁjf)‘al 17 (18,7%) 1 (2,0%) 4 (18,2%) 12 (63,2%) | 0,0001
yﬁﬁjgﬁsaﬁzl)ogmm 22 (24,2%) 16 (32,0%) 6 (27,3%) 0 (0%) 0,009
Iﬁ;?g;:d (E/r:)’thmmbm 69 (75,8%) | 34 (68,0%) 16 (72,7%) 19 (100%) | 0,009
ig‘l‘:{cjgspif,’/g’mmbm 26 (28,8%) 9 (18,0%) 7 (31,8%) 10 (52,6%) | 0,015

respiratory symptoms, which may generally
resemble other respiratory viral infections.
The clinical features of COVID-19 can vary
from asymptomatic to severe pneumonia and
respiratory failure. The most common symptoms
of this infection include cough, sore throat,
fever, fatigue, and headache [6]. In general, the
symptoms of coronavirus disease 2019 are not
specific, and laboratory testing is required to
confirm the diagnosis. Laboratory monitoring,
including complete blood count, C-reactive
protein, liver and renal function tests, and
coagulation parameters, is an important part
of patient management, as laboratory changes
often precede deterioration in the clinical course
of the disease and allow for the prediction and
prevention of complications. Our findings
expand the understanding of the clinical course
depending on changes in the main laboratory
parameters in patients with coronavirus disease
2019 who were hospitalized. Further research in
this area involving a larger sample of patients and
evaluation of additional laboratory parameters

will allow us to more accurately study the
features of the clinical and laboratory course of
the disease caused by the SARS-CoV-2 virus.

Conclusions

As a result of our analysis and comparison of

the clinical and laboratory features of the course of
coronavirus disease 2019 in hospitalized patients
of varying severity, depending on the vaccination
status and history of previous COVID-19 disease,
we found that:

1. All the patients enrolled in the study
who had severe and critical disease were
diagnosed with pneumonia (p=0,018 and
p=0,0001 for group I and group II, res-
pectively).

2. Absolute lymphopenia was significantly
more common in patients with severe
and critical course in both study groups
(p=0,0001).

3. The mean CRP values were statistically
significantly different between patients in
both groups with moderate, severe, and
critical course of COVID-19, and were the
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highest in patients with critical course who  elevated CRP levels were associated with severe

died (p=0,0001). coronavirus disease 2019.

4. Clinical features, namely the presence of Funding
complaints of fever, cough and catarrhal This study received no external funding.
manifestations, did not differ statistically Conflict of interest
in patients of group I of moderate, severe The authors declare no conflicts of interest.
and critical course (p=0,999, p=0,163, Consent for publication
p=0,347, respectively). Whereas, in All authors have read the manuscript and
patients of the study group II, the presence  agreed to its publication.
of cough and catarrhal manifestations was ORCID ID and authors’ contributions
significantly more common in patients with 0000-0003-4573-6858 (A, B, C, D, E, F)
severe disease (p=0,001 and p=0,0001, Riaba Olga
respectively). 0000-0003-3455-8718 (A, C, D, E, F)

Therefore, it can be concluded that Golubovska Olga

unvaccinated patients who have repeated A — Research concept and design, B —

coronavirus disease 2019 have more severe Collection and/or assembly of data, C — Data
symptoms and clinical manifestations than analysis and interpretation, D — Writing the
vaccinated patients who have not previously had  article, E — Critical revision of the article, F —
COVID-19. Severe absolute lymphopenia and  Final approval of article.
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Kuainiko-s1adoparopni ocodsmmBocti nepediry COVID-19
Yy BAKIIMHOBAHMX MAIi€EHTIB Ta NALICHTIB
MiCJIsl MONEePeAHBO NEPEHEeCEeHOr0 3aXBOPIOBAHHA
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Anomauin: nayicumu 3 COVID-19 mooxcyms mamu wupoxkuil cnekmp KIIHIYHUX NPOSBIE:
810 3a2aNbHO-IHMOKCUKAYIUHUX MA PeCcnipamopHux CUMNMOMI8 00 ckape 3 OOKY IHUUX OpeaHie
ma cucmem. TAdCKICMb 3AX60PIOBAHHS HACAMNEPED 3ANeAHCUMb 610 GIKY NAYIEHMIB, HAABHOCMI
CYNYMHbOI NAmMonozii, a makoic 8i0 CNPUUHAMAUBOCMI OP2AHIZMY 00 MO20 YU THUWO20 8apiaHmy
sipycy SARS-CoV-2. Baxyunayis ma nonepeoHe iHQIKy8anHs 3a0e3neuyioms nepioo iMyHHO20
saxucmy 6i0 peingexyii. I[lpome nogidomasemvcs npo me, wo NAYieHMu, SKI OMPUMATU
sakyunayiro abo nepernecau COVID-19, moocyms xeopimu mak camo, 5K i HeimyHHi ocoou. Memoro
Hawoi pobomu 0Y10 NPoeedeH s AHANI3Y Ma NOPIGHAHHSL KIIHIKO-1a00pamopHux ocooiusocmell
nepebicy Kopouasipycnoi xeopoou 2019 cepeo cocnimanizo8anux GaKYUHOBAHUX NAYIEHMIS,
axi 3axeopinu COVID-19 enepwe, ma ecocnimanizo8anux He GAKYUHOBAHUX NAYIEHMIB, SKI
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nepenecau paniwe COVID-19, wo 6ys niomeepoicernuti 1ab6opamopHo. J[0CaiOHCeHHA KAIOUALO
220 eocnimanizosanux nayieHmis, sAKi OyauU nooileHi Ha 08I epynu. 6aKYUHOBAHI NAYIEHMU, Y
AKux He 0yno 6 anammesi niomeepoxcernoco COVID-19 (n=129), ma nesakyurogaui nayicHmu
3 nepenecenum COVID-19 (n=91). Pe3yromamu: He 8aKYUHOBAHI NayicHmu, sKi X8Opiiu Ha
KopoHagipycHy xeopoby 2019 noemopno, manu 6ineus Upasdiceny KJIiHIYHY KapMuUH) 3aX80PIOBAHMNSL,
abcontomua iimgonenis 00cmosipHo yacmiuie 3yCmpidanacs y X60pux i3 MsadNCKUM ma Kpumu4HuM
nepebicom 6 06ox epynax nopisusanus (p=0,0001); cepeoni noxaznuxu C-peaxmusnozo OilKa
CMAamMuUCMuyYHO 3HAYUMO GIOPIZHANUCL MIJC NAYIEHMAMU 000X 2pyn i3 CepeOHiM, MANCKUM Md
kpumuunum nepedicom COVID-19, ma b6ynu natisuwumu 0151 NAYIEHMIG i3 KPUMUYHUM nepedicom,
saxi nomepau (p=0,0001).

KarwuoBi cioBa: nuxanbHa HEJIOCTATHICT, JIarHOCTHKA, KIIHIYHUN Iepedir, KOpoHaBipycHa
xBopo6a 2019, mimdonenis, mueBMoHis, C-peakTUBHUN OLTOK.
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Abstract: in connection with the beginning of a full-scale war of the aggressor country against
Ukraine, staying in shelters and bomb shelters has, unfortunately, become an integral part of our
lives. That is why it is very important that the premises allocated for these needs meet the minimum
hygienic requirements, especially regarding educational institutions and pupils’ health. The physical
and chemical parameters of the environment of a typical shelter of a general secondary education
institution (lighting, noise, vibration, air quality) were measured and assessed. The research methods
used in our work are descriptive, content analysis, instrumental, full-scale hygienic experiment,
sanitary examination, lighting, chemical, and statistical. The studied physical and chemical factors of
the educational environment are important components for ensuring a healthy educational environment
and an effective educational process. Appropriate assessment and management of the levels of physical
and chemical parameters in school shelters are key to ensuring the quality of education and children’s
health in the educational process. Legislative aspects requiring intervention and correction measures
were identified. Gaps in the legislative field were identified regarding the standardization of local
vibration parameters for children in educational institutions both in peacetime in general and wartime
in particular. During measurements using modern mobile equipment, it was possible to establish
unsatisfactory parameters of local vibration that occurred at pupils’ workplaces while performing
written tasks. If implemented, such a convenient mechanism for monitoring local vibration levels
at their workplaces will allow timely interventional preventive measures to improve the condition
of educational furniture in shelter rooms and common classrooms. Factors that deviated from the
recommended values and may negatively affect the health of children and staff of secondary education
institutions were identified. The noise level exceeded medical and sanitary standards, especially
during the operation of power-generating equipment, which may negatively affect the health and
concentration of students. The obtained noise indicators did not comply with the hygienic standards
of State Sanitary Norms and Rules under the condition of operation of power generating equipment
(the normative value should not exceed 40 dB). The maximum allowable concentration (MAC) of CO,
did not comply with the recommended values for general-purpose premises (within 0.07-0.1%), as it
increased after classes, exceeding the recommended values for general-purpose premises. This may
affect the health of schoolchildren and impair their attention during studies.

Keywords: Workplace; Child; Vibration; Carbon Dioxide; Disinfectants; Public Health; medical
and sanitary standards.
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Introduction

In connection with the beginning of a full-
scale war of the aggressor country against
Ukraine, staying in shelters and bomb shelters
has, unfortunately, become an integral part of
our lives. That is why it is very important that
the premises allocated for these needs meet
minimum hygienic requirements, especially
regarding educational institutions and children’s
health. The need to ensure minimum hygienic
parameters in such conditions is currently
critical.

Psycho-emotional overload caused by a
long stay in shelters and constant threats can
have serious consequences for the mental
state of children and adults. In addition to the
significant psycho-emotional stress during the
announcement of air alarm signals, physical and
chemical factors of the environment can also be
unfavourable. In the case of being in shelters, their
initial assessment for compliance is most often
not carried out considering medical and sanitary
standards (since the assessment of compliance
with safety factors is of primary importance).

Another unfavourable factor is the destruction
of our country’s energy infrastructure, which
creates additional pressure on maintaining
hygienic conditions for children in shelter
facilities, as electricity generation equipment is
being operated near schools.

The main physical factors of the educational
environment that can affect children are such
as lighting, noise, vibration, and microclimate
(air temperature, air velocity, relative humidity,
radiation temperature). The main chemical
factors of the educational environment are air
quality in general and the concentration of carbon
dioxide (CO;), which is the main anthropotoxin
in particular [1, 2, 3.4].

In the case of poor-quality, insufficient, or
excessive lighting, schoolchildren’s mental and
physical performance decreases, eye fatigue
develops quickly, and vision deteriorates, which
can subsequently lead to reduced visual acuity and
the occurrence of ophthalmological diseases [5].

Prolonged noise exposure harms the
functioning of many important organs, such as
the heart, liver, and digestive organs, but first
of all, of course, hearing suffers. Even when the
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noise is insignificant but prolonged, it creates a
corresponding load on the nervous system and
has a psychological impact [6,7].

Increased carbon dioxide concentrations
in classroom air are also an adverse risk factor
for the nervous system of schoolchildren [8, 9].
Depending on the exposure concentration, CO,
can cause various health effects. These can
include headaches, dizziness, anxiety, tingling
or prickling sensations, difficulty breathing,
sweating, fatigue, rapid heartbeat, increased blood
pressure, coma, asphyxiation, and convulsions.

Also, one of the important aspects of hygienic
monitoring of staying conditions is the recent
possibility of using sensors of mobile devices
(smartphones, tablets) to measure some physical
factors (lighting, noise, vibration, etc.). Such
accessibility creates the prerequisites for children
to control their environment and increases interest
in preserving their own health.

This opportunity for self-monitoring can
inspire children to become more proactive about
the conditions in their environment and create
a database for reasoned conclusions about the
need to improve shelter conditions. This can
open a dialogue between children, teachers, and
school administration to ensure safe and healthy
environments.

Moreover, this approach can contribute
to education about the importance of hygiene
standards and a healthy environment, developing
in children a sense of responsibility for their own
health and the environment. A sense of control
over the situation can positively impact the
psychological state of individuals, especially in
stressful situations during war.

Aim

Hygienic assessment of the conditions of
children staying in shelters during air raids. The
assessment included an analysis of physical
parameters, such as lighting, noise level, and
vibration, as well as determining the concentration
of carbon dioxide and assessing the state of the
air environment in the shelter from the standpoint
of hygiene and epidemiology through indirect
analysis of the quality of cleaning with the use
of disinfectant solutions to ensure the highest
standards of safety and comfort for children in
wartime.
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Materials and methods

Assessing natural lighting was impossible
due to the lack of window openings. Under these
conditions, it is possible to assess the parameters
of artificial illumination, noise, vibration,
ventilation efficiency, and active chlorine content
in disinfectant solutions.

Research methods — descriptive, content
analysis, instrumental, field hygienic experiment,
sanitary and hygienic expertise, light-engineering,
chemical, statistical.

This shelter is located in the basement of the
main school building and consists of two rooms
measuring 20x9 m and 10x6 m.

When assessing the level of artificial lighting,
it was taken into account that in the larger room,
there are 8, and in the smaller one - 6 fluorescent
lamps, the power capacity of each lamp is 21 W,
and there are two illuminators in the lamp.
Measurements were carried out at 7 control
points in accordance with the methodological
recommendations specified in DBN V.2.5-
28:2018 [10] for measuring the level of artificial
illumination at a distance of 0.8 m from the
floor and 1 m from the walls using sensors
of mobile devices tmd2725 Ambient Light
Sensor Non-wakeup (ams AG); range : 0...1;
resolution: 0.01 (1%); power: 0.08mA. Product
Parameters — Supply Voltage [V] -1.7 - 2.0, 1IC
Bus -1.8, Programmable — Gain, integration time,
interrupt Integrated Capabilities — ALS, Prox,
IR LED, Recommended Operating Distances
[cm] <15, Temperature Range [°C] - 30 to 85,
Packages — Surface mount module, pin count 8§,
software — Lux -O- Meter lichtmesser 1.01.10;
the measurement error, compared to the standard
luxmeter Yu-116, was no more than (1-4 lux).

When measuring noise level, the children’s
workplace, where the sound level meterwaslocated,
was taken as the control point. The measurement
was carried out for several seconds, after which
the device processed the recorded values and
recorded the strongest one. Measurements were
carried out with a noise detector m&sen mi 9
mi9 m9 using the Sound software application
Meter (Smart Tools. Ver. 1.7.14). Compared to
the standard SHUM-1-M sound level meter, the
measurement error was no more than (1-3 dB).
The measurements were carried out in the absence
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of schoolchildren to assess the background noise
levels with the electric generator located outside
turned on and off.

To assess ventilation efficiency, the level of
carbon dioxide in the air was determined using
the Lunge-Zeckendorf express method. The
principle of this method is to pass the tested air
through a titrated solution of carbon dioxide using
phenolphthalein. Phenolphthalein is pink in an
alkaline medium and becomes transparent after
reacting with CO.,. The result is estimated using
the ratio of the number of spent syringe volumes
and the CO, concentration in atmospheric air
(0.04%) and in the tested room, where the CO,
concentration is unknown [11].

The assessment of the regulatory framework
for vibration regulation and cleaning regimes
was carried out, taking into account information
from the official websites of the Verkhovna Rada
of Ukraine, the Cabinet of Ministers of Ukraine,
and the Ministry of Health of Ukraine.

The children’s workplace was taken as the
reference point when measuring the vibration
level. Vibration measurements were carried out
on the working surface of the study tables for
1 min while writing work tasks using a sensor
(accelerometer (Iis2hh12, V.1, Type 1, power
0.001 mA, resolution 0.0012 m/s?, maximum
range +78.4532 m/s?, maximum delay 20000 ps)
and a mobile application (iDynamics RPTU
Kaiserslautern-Landau).

To determine the level of active chlorine in the
working solution of the disinfectant, 10 samples
were taken. According to the determination
conditions, 100 ml. of distilled water was poured
into a conical flask, then 1 ml. of chlorine water,
5 ml. of potassium iodide, 2 ml. of sulfuric
acid /1:3/ were poured, and then titrated with
0.05 sodium thiosulfate solution to a straw-yellow
colour. Then, 2 ml of starch was added, and the
titration was continued until the blue colour of
the liquid, which appeared after adding starch,
completely disappeared. The concentration of
active chlorine was calculated from the amount
of sodium thiosulfate used for titration.

Results and discussion

The legislation of Ukraine regulates standards
for vibration levels in school premises; namely,
they must comply with the requirements of the
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Sanitary Regulations for general secondary
education institutions, which, in turn, states
that vibration levels in production premises of
educational institutions must comply with the
requirements of the State Sanitary Standards
for General and Local Industrial Vibration
(SSN 3.3.6.039).

However, the legislative framework contains
indications on the level of vibration in educational
institution buildings, while there are no clear
instructions on the standardization of local
vibration, which can be created at the children’s
workplace and transmitted to the joints of the
upper limb during writing [12].

This issue arose during the hygienic
assessment of children’s workplaces in shelter
rooms, where a flat floor surface is not always
provided, and the educational furniture
installation plane unevenness creates additional
vibration when children perform written and
graphic tasks on the surface of educational tables.
Therefore, checking local vibration levels is
important as one of the components of ensuring a
healthy educational environment.

Increased levels of local vibration may also
increase the risk of inflammation (tendinitis,
tendovaginitis, bursitis, synovitis) of the articular
apparatus parts of the working upper extremities
in children and staff, which requires systematic
analysis and management of these risks [13, 14].

Measurements were made of vibration levels
of the work surfaces of 30 tables in the shelter
rooms.

After conducting measurements, we obtained
the following data:

— minimum vibration acceleration
0.17078 m/s?,

— maximum vibration acceleration
1.69927 m/s?,

— median 0.35254 m/s?,

maximum displacement 0.04399 m,
minimum displacement 0.00237 m,
median 0.02014 m.

When comparing the average values, it
was found that the value of the Student t-test is
greater than tcr (at f— 2, ter — 2.228, significance
level p<0.05), therefore, these differences
are statistically significant. At the same time,
deviations from the recommended values
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along the horizontal axis were established:
displacement — 0.01257 m.

Another risk factor during a shelter stay
is the decrease in air quality. The CO, content
in the shelters was measured. The maximum
concentration of CO, in these rooms was
0.5+£0.01% (after the lesson sessions), and it was
found to be doubled after the lessons.

It should be noted that in addition to the
full-scale war on the territory of our country, in
accordance with the Resolution of the Cabinet of
Ministers of Ukraine No. 928 dated August 19,
2022, quarantine restrictions were in effect due
to COVID-19 until June 30, 2023 [15], which
required certain approaches to ensuring an anti-
epidemic regime and an appropriate level of air
quality in educational institutions. However,
the aforementioned and related documents
also do not clearly indicate the mechanisms for
controlling air quality in shelters in general and
shelters of educational institutions in particular.

According to the Sanitary Regulations,
all premises and equipment of an educational
institution are subject to daily wet cleaning,
including window sills, floors, heating devices
(or protective grilles), furniture, and blackboards.
Wet cleaning of educational and educational-
production premises is carried out after the end of
the last lesson, or after each training shift (in the
case of organizing shift training in an educational
institution), sports halls — after each training
session and after the end of training sessions and
section sessions [16].

The regulations, in turn, do not specify
requirements for cleaning in shelter rooms/
shelters of these educational institutions.

It should be noted that the quality of cleaning
in shelters is extremely important because the
number of people per unit area of the room has
increased, and the volume of air per person, on
the contrary, has decreased. Poor ventilation and
poor-quality cleaning can lead to an increase in
the concentration of pathogenic microorganisms
in the air of these rooms in the event of an
insufficient concentration of active chlorine in the
disinfectant, and as a result, cause an increase in
the risk of infection of children and adolescents
during their stay in the shelter of an educational
institution, or cause irritation of the respiratory
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tract, the occurrence of allergic reactions and
exacerbation of existing chronic diseases due
to an increase in its concentration above the
recommended levels of use.

An analysis of the market of disinfectants
permitted for use in educational institutions was
conducted. Disinfectants that have passed state
registration in accordance with the requirements
of the Resolution of the Cabinet of Ministers of
Ukraine dated August 15, 2023, No. 863 «On
Approval of the Regulations on State Registration
of Disinfectants» are used for disinfection [17].
The register of these disinfectants and
antiseptics is posted on the official website of
the Ministry of Health for free access, including
2,122 disinfectants. However, in accordance
with the column «object of application», 96 such
products are allowed to be used in educational
institutions [18].

The frequency of disinfectant use is carried
out per the instructions for using these products.
The effectiveness of use is assessed by the
concentration of active chlorine in the working
solution with which surfaces are treated. The
active chlorine concentration in the solution
during cleaning during the quarantine period
should be within 0.015/0.06%, considering the
actiology of infectious diseases (intestinal and
droplet infections/tuberculosis). The personnel
involved in preparing working solutions strictly
followed the instructions for preparing these
solutions. Working solutions of the product were
prepared in enameled (without damaging the
enamel), glass or plastic containers by dissolving
the appropriate amount of the product in drinking
water at room temperature.

The content of active chlorine in the selected
10 samples of working solutions was: No. 1 —
0.01 mg/1; No. 2 —0.011 mg/l; No. 3 —0.01 mg/l;
No. 4 — 0.01 mg/l; No. 5 — 0.01 mg/l; No. 6 —
0.013 mg/l; No. 7—0.01 mg/l; No. 8 — 0.01 mg/l;
No. 9-0.014 mg/l; No. 10— 0.01 mg/1.

X—-0.0108 mg/l, X — 0.01 mg/l, minimum —
0.01 mg/l, maximum — 0.014 mg/1.

The detected indicators established reduced
concentrations of active chlorine in working
solutions of disinfectants, which indicated
a discrepancy in the concentration of active
chlorine in the original product.
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This situation is a risk factor for worsening
epidemic indicators among children of
educational institutions since there is no clearly
prescribed mechanism for controlling cleaning
in shelter facilities. For example, the Sanitary
Regulations state that premises are cleaned with
open transoms (windows), which is technically
impossible in a shelter facility.

The measurements of illumination levels
revealed that the average illumination level in
room #1 was 328.57+1.99 lux, and in room #2 it
was 327.14+1.68 lux.

The noise level in the absence of children
was, on average, in room #1 — 21.29+1.11 dB,
in room #2 — 21.14+1.07 dB. With the generator
running outside in room #1 — 42.26+1.01 dB, in
room #2 —43.13+1.26 dB.

Conclusions

The studied physical and chemical factors
of the educational environment are important
components for ensuring a healthy educational
environment and an effective educational process.
Appropriate assessment and management of the
levels of physical and chemical factors in school
shelter facilities are key to ensuring the quality of
education and children’s health in the educational
process.

The results of the hygienic assessment of
children’s stay conditions in shelters indicate
several important aspects. The standard
illumination level met the requirements and
even exceeded them, which is a positive fac-
tor for children’s learning. After all, in turn,
under normal lighting conditions, according
to the requirements of the State Sanitary and
Epidemiological Service, the illumination level
should be at least 300 lux, while in the rooms,
this indicator was higher.

However, the noise level exceeded hygienic
standards, especially during the operation of
the power-generating equipment, which can
negatively affect the health and concentration
of children. The obtained noise levels did not
comply with the hygienic standards of the State
Sanitary and Epidemiological Service when the
power-generating equipment is operating (the
normative value should not exceed 40 dB).

Gaps in the legislative field were identified
regarding the standardization of local vibration
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parameters for children in educational institutions ~ measured with a sound level meter on the «slow»
in peacetime and wartime in particular. During  time characteristic and the «A» frequency
measurements using modern mobile equipment,  characteristic); and a fivefold increase in CO,
it was possible to establish unsatisfactory content after the classes.
parameters of local vibration that occurred at Appropriate measurements of noise and
children’s workplaces while performing written = CO- levels showed only partial suitability of the
tasks. If implemented, such a convenient mecha-  sheltered areas for the long-term stay of children.
nism for monitoring local vibration levels at  Given the availability of opportunities to improve
their workplaces will allow timely interventional = hygienic conditions for children, attention should
preventive measures to improve the condition  be paid to installing exhaust equipment and noise
of educational furniture in shelter rooms and insulation measures.
common classrooms. Therefore, compliance with all norms
The maximum allowable concentration and requirements for shelters in educational
(MAC) of CO; did not meet the recommended institutions will protect and preserve the lives of
values for general-purpose premises (within children in war conditions and positively impact
0.07-0.1%), as it increased after classes, ex- their health during the educational process.

ceeding the recommended values for general- Financing
purpose premises. This may affect the health of The current study was performed without
schoolchildren and impair their attention during financing.
study. Conflict of interests
After statistical processing of the data, it was The authors have no conflict of interest to
found that the values of the Student t-test were  declare.
greater than tkr (at f — 2, tkr —4.303), due to which Consent to publication
it can be concluded that the obtained data are The authors have read and approved the final

statistically significant (significance level p<0.05).  version of the manuscript. The authors agreed to
The study confirms that a properly designed publish this manuscript.

and rationally used shelter only positively affects ORCID ID and authors’ contribution
schoolchildren, increasing their productivity and (B, C, D) Talabko Yuliia

safety during classes and reducing fatigue and 0000-0002-2451-9689 (A, E, F) Blagaia Anna
injuries. A — Research concept and design, B —

However, in our case, an increase in noise  Collection and/or assembly of data, C — Data
levels was detected (by its characteristics, it analysis and interpretation, D — Writing the
was constant — noise, the sound level of which article, E — Critical revision of the article, F —
changes in time by no more than five dBA when  Final approval of the article
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KoMmnuiekcHa ririeHiyHa oniHka yMmoB nepe0yBaHHsl y4HiB
y NPUMIIIEHHAX-YKPUTTSX 3aKJIAAY 3arajbHoOI cepeJHbOI OCBITH

Tanaoko FOuais!, Biaras Anna?

' Crynentka Menuvnoro ¢axynerety Ne3, HamioHanbHUN METUYHHUIA YHIBEPCUTET
imeni O.0. boromonsis, Kuis, Ykpaina

2 JloneHTKa Kadeapu ririeHu Ta ekojorii, HamioHaasHUH MeTUYIHUN YHIBEPCHTET
imeHi O.0. boromonsirs, Kui, Ykpaina

Anpeca 11 KOpeclOHeHIil:
Anna Blagaia

E-mail; anna.blagaia@nmu.ua

Anomauia: y 36 43Ky i3 NOUAMKOM NOBHOMACWMAOHOI 8iliHU Kpainu-azpecopa npomu YKpaiuu,
nepeoysants 8 yKpummsax ma 60mMO0Ccxos8uwax cmano, Ha Halb, Hegi0 EMHOI CKIA0080I0 HAUO20
acumms. Came momy OyxHce 8axciu8o, wob 6iosedeHi 0l yux nomped NpuMiwjeHHs 6i0nosioanu

Ukrainian scientific medical youth journal, 2025, Issue 1 (152)
http://mmj.nmuofficial.com

53


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
https://biz.ligazakon.net/news/185362_dopustim-normi-shumu-v-zhitlovikh-ta-gromadskikh-primshchennyakh-onovili
https://biz.ligazakon.net/news/185362_dopustim-normi-shumu-v-zhitlovikh-ta-gromadskikh-primshchennyakh-onovili
https://www.nature.com/articles/s41893-019-0323-1
https://www.nature.com/articles/s41893-019-0323-1
https://www.dhs.wisconsin.gov/chemical/carbondioxide.htm
https://www.dhs.wisconsin.gov/chemical/carbondioxide.htm
https://zakon.rada.gov.ua/laws/show/928-2022-п#Text
https://zakon.rada.gov.ua/laws/show/928-2022-п#Text
https://zakon.rada.gov.ua/laws/show/z1111-20#Text
https://zakon.rada.gov.ua/laws/show/863-2023-п#n10
mailto:anna.blagaia%40nmu.ua?subject=

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 1 (152), 2025 eISSN 2786-667X

Creative Commons «Attribution» 4.0

MIHIMATLHUM CI2IEHITYHUM BUMO2AM, OCOOIUBO, KOJIU MOBA Ll0e NPO HABYAIbHI 3AK1A0U | CMAH 30008 5
Vunig. byno nposedeno suMipro8anHs ma oyiHeHo (izuuni i XiMIYHI napamempu cepedosuya muno8o2o
VKpUmms 3aK1a0y 3a2aibHoi cepeonboi oceimu (0ceimueHHs, wym, 8iopayis, akicms nogimps,). Memoou
00CNI0ICEeH s, BUKOPUCMAHT 8 HAWINL poOOMI, — ONUCOBULL, KOHMEHM-AHANI3Y, THCMPYMEHMANlbHUL,
HAMYPHO20 2ICIEHIYHO20 eKCNepUMEeHmY, CAHIMApPHOi eKcnepmu3u, CEIMIOMexXHIYHUL, XIMIYHUI,
cmamucmuynul. J{ocniodceni @isuuni i ximiuni ¢haxmopu oceimnb020 cepedosua € 8aNCIUBUMU
KOMHOHeHmamu 0.1 3a0e3neyeHHs 300p08020 HABYANbHO20 CepedosULa Ma eheKmUusHO20 0CEIMHbO2O
npoyecy. Bionogiona oyinka ma ynpaeninus pieHamu Qizudux i XiMivHUX NOKA3HUKIG Y NPUMILYeHHSIX
CXO8UWY WIKIT € KIOUOBUMU ACHEKmMamu 3a0e3nedenHs sIKOCmi 0Ceimu ma 300p08’s YYACHUKIG
HaguanbHo2o npoyecy. Bussneni sakonoodaeui acnexmu, ki nompebyloms 3axo0ié NoninuienHs ma
Kope2ysanHs (intervention and correction). byno ecmanogneno npoeanunu 8 3aKOHO0A84OMY O OO0
HOPMYBAHHS napamempie 10KaIbHOI 6iopayii 015 yuHi6 8 0C8IMHIX 3aK1A0AX K 8 YMOBAX MUPHO20 YACY
3a2anom, max i 0€HHO20 4acy 30kpema. 11i0 uac sumiprogans iz 3acmocy8aHHAM CY4aACHUX MOOLIbHUX
3aco0i6 60a10Cb 6CMAHOBUMU HE3A008IIbHI NAPAMEMPU IOKANbHOI 8I6payii, o UHUKALA HA POOOUUX
Micysx yuHié nio 4ac GUKOHAHHS NUCLMOBUX 3A80AHb. Taxuil 3pYYHULL MeXAHI3M KOHMPOIIO DI6HIE
JIOKAbHOI 8IOpayii Ha c80IX poOOUUX MICYAX 3A 1020 BNPOBAONCEHHS 00360IUMb 4ACHO NPOBOOUMU
iHmepgenyitini npoginaxmuyti 3axo0u NONINUIEHH CMAHY VIAWMYSAHH HABYANbHUX MeOlie He
MINLKU Y CXOBUWAX, A 1 ) 3A2ANbHUX NPUMIUWEHHAX HABUANbHUX K1ACi8. Bcmanosneni nokasuuxu, sKi
Manu 8i0XuneHHs 8i0 pEeKOMEHO0B8AHUX 3HAYUEHb, WO MONCE HE2AMUBHO NO3HAYUMUCH HA CIMAHI 30008 5l
VUHIB | NepCOHATY 3aK1a0i8 3a2anbHOI cepednboi ocgimu. Pieenb wiymy nepeguuyysas cicicHiuni Hopmu,
0CcoOMUBO NIO HAC pPoOOMU eeKMPO2EHePYIOH020 O00NAOHAHHS, WO MOdNCe He2aAMmUBHO GNIUBAMU
Ha 300p08’s ma KouyeHmpayito yunig. OMpumani NOKA3HUKU UWIYMY He 6I0N08i0anu 2ieiEHIYHUM
nopmamusam J{Canlliny 3a ymosu pobomu enekmpozenepyrouo2o oon1aoHanHs (HOpMamueHe 3HaAYeHHs
He nosunno nepesuwiysamu 40 0b). I panuuno oonycmuma konyenmpayis (I /IK) CO2 ne sionogioana
PEKOMEHOOBAHUM 3HAYEHHAM OISl NPUMIUEHb 3a2albHO20 NpusHayenHs (6 medcax oo 0,07-0,1%), max
SK NIOBULYBANACH NICIA NPOBEOEHHSL 3AHAMb, NePeGUULYIOYU PEKOMEHOO0BAHI 3HAUEHHS OJisl NPUMILeHDb
3a2anbH020 npusHavenHs. Lle mooice enauHymu Ha cmawn 300p08 s WKOAAPI6 ma no2ipuumu ix yeazy
nio 4ac HA84aHMs.

KurouoBi cioBa: poOoui micus, AiTH, BiOpallis, JIOKCHI KapOOHY, Ne31H(GEKTaHTH, MEIHKO-
CaHiTapHI HOPMATUBH, TPOMAJICHKE 3I0POB’SI.
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Abstract: this bibliometric evaluation reviewed forensic serology studies from 2000 to 2023,
utilising Scopus records to song guide trends, key contributors, and impactful research. The subject
showed significant growth, with 201 documents posted at a four.89% annual boom price. Major
members consist of Virginia Commonwealth University and fantastic researchers like Hanson EK
and Juusola J. The studies highlight diverse file kinds and influential papers, emphasizing ongoing
advancements and the want for global collaboration. Limitations encompass reliance on Scopus and
ability language bias. Overall, the study demonstrates the dynamic progress in forensic serology and

the significance of continued research.

Keywords: Serology; Bibliometric Analysis; Publication; Research; Information Science; impact,

trend.

Introduction

Forensic serology, a crucial subject in forensic
technological know-how, examines blood and
different physical fluids to assist in criminal
investigations. Over the beyond decades, studies
on this area has expanded extensively, reflecting
improvements in techniques and expanded
scholarly hobby (1). This take a look at targets to
provide a complete review of forensic serology
research from 2000 to 2023 by way of studying
e-book trends, key individuals, and the effect of
seminal papers. By leveraging records from the
Scopus database, this analysis gives insights
into the growth, variety, and quotation styles of
forensic serology literature. Using state-of-the-
art bibliometric equipment and visualization
techniques, we examine how this subject has
advanced, pick out main establishments and
authors, and assess the impact of pivotal research
on the broader clinical community. Through this

examination, we searching for to apprehend the
improvement trajectory of forensic serology
and highlight regions of widespread impact and
collaboration (1).

Aim

Analyze Growth and Impact: Assess the
expansion of forensic serology research from
2000 to 2023, focusing on publication numbers,
growth rate, and citation impact.

Identify Key Contributors: Determine leading
institutions and authors in forensic serology,
evaluating their contributions and collaboration
patterns.

Examine Publication Diversity: Investigate
the range of document types within forensic
serology research to understand the various
formats and their contributions.

Materials and methods

Data for this study were carefully collected
from the Scopus database, targeting publications
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from 2000 to 2023 that included the term
«Forensic Serology» To prepare relevant records
and retrieve accuracy, a Boolean search query
was strategically handled by staff, ensuring that
the search results included accurate context After
retrieval, the data was exported in CSV (Comma-
Separated Values) format. This framework
was chosen for its simplicity and efficiency in
dealing with large data sets, allowing simple data
processing and analysis.

The next step was to use R programming
to process the data. The Biblioshiny package,
a robust tool in the R environment, was used
to manage and analyze the bibliometric data.
Biblioshiny provides advanced functionality for
visualizing data development.

Results and discussion

In Table 1 (Table 1: Study Information),
from 2000 to 2023, forensic serology research
has significantly expanded, encompassing
201 documents across 115 sources, with an
annual growth rate of 4.89% (2,3). The average
age of these documents is 10.9 years, reflecting
relatively recent contributions, and they have
garnered an average of 15.21 citations per
document, indicating a healthy impact within
the academic community. With 2246 Keywords
Plus and 595 Author’s Keywords, the research
topics are highly diverse. A total of 693 authors
have contributed, with 34 authors producing
single-authored documents. The average number
of co-authors per document is 3.96, suggesting
strong collaborative efforts, and international co-
authorships account for 9.95% of the documents,
showing growing global collaboration. The
types of documents include 138 articles,
4 books, 18 book chapters, 8 conference papers,
5 editorials, 2 letters, 1 note, 24 reviews, and
1 short survey. This variety indicates a robust
and multifaceted field with substantial reference
material, totaling 7002 references, supporting
the ongoing development and dissemination of
forensic serology research (4).

The relevant institutions in the top ten based on
the number of cases (Graph 2: Key Affiliations
in Forensic Serology Research) are Virginia
Commonwealth University (20 cases), University
of Albany (15), University of Istanbul (14),
Osaka City University School of Medicine (14); ,

ISSN 2786-6661
eISSN 2786-667X

Table 1. Study Information

Description Results
MAIN INFORMATION ABOUT DATA
Timespan 2000:2023
Sources (Journals, Books, etc) 115
Documents 201
Annual Growth Rate % 4.89
Document Average Age 10.9
Average citations per doc 15.21
References 7002
DOCUMENT CONTENTS
Keywords Plus (ID) 2246
Author’s Keywords (DE) 595
AUTHORS
Authors 693
Authors of single-authored docs 34
AUTHORS COLLABORATION
Single-authored docs 39
Co-Authors per Doc 3.96
International co-authorships % 9.95
DOCUMENT TYPES
article 138
book 4
book chapter 18
conference paper
editorial 5
letter
note
review 24
short survey 1

Kenya Institute of Medical Research (10), Florida
International University (9), Gujarat University
of Forensic Sciences (9). Camino (9), Punjabi
University (7), University of Modena and Reggio
Emilia (7).

These institutions are notable for their
significant contributions to the discussed articles,
with Virginia Commonwealth University leading
the list.

The Table 2: Most Global Cited Documents
highlights ten influential papers in forensic
serology, showcasing a range of citation metrics.
Hanson EK’s 2009 paper in Analytical Biochemi-
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Graph 2. Key Affiliations in Forensic Serology Research

stry leads with 341 total citations, averaging
21.31 citations per year and a normalized TC of
8.67. Juusola J’s 2005 paper in Forensic Science
International follows with 296 citations, 14.80 per

Table 2. Most Global Cited Documents

ISSN 2786-6661
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year, and a normalized TC of 5.99. Lee KW’s
2005 study in Tissue Antigens has 181 citations
(9.05/year, normalized TC 3.66). Silva SS’s 2015
work in Forensic Science International Genetics,

Total TC per | Normalized

Paper Dol Citations | Year TC
HANSON EK, 2009,
ANAL BIOCHEM 10.1016/j.ab.2009.01.037 341 21.31 8.67
JUUSOLA J, 2005,
FORENSIC SCI INT 10.1016/j.forsciint.2005.02.020 296 14.80 5.99
LEE KW, 2005,
TISSUE ANTIGENS 10.1111/j.1399-0039.2005.00386.x 181 9.05 3.66
SILVA SS, 2015,
FORENSIC SCI INT GENET 10.1016/;.fsigen.2014.09.002 103 10.30 5.42
MCLAUGHLIN G, 2014,
FORENSIC SCI INT-a 10.1016/j.forsciint.2014.02.027 91 8.27 3.17
KOCAZEYBEK B, 2009,
FORENSIC SCI INT 10.1016/j.forsciint.2009.03.007 71 4.44 1.81
SEASHOLS-WILLIAMS S,
2016, ELECTROPHORESIS 10.1002/elps.201600258 65 7.22 4.60
DOTY KC, 2018,
FORENSIC SCI INT 10.1016/j.forsciint.2017.11.033 61 8.71 2.02
DOTY KC, 2018,
TRAC TRENDS ANAL CHEM | 10.1016/j.trac.2017.12.003 60 8.57 1.98
JABEEN R, 2006,
ELECTROPHORESIS 10.1002/elps.200500948 60 3.16 3.14
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with 103 citations (10.30/year, normalized
TC 5.42), and McLaughlin G’s 2014 paper in
Forensic Science International, with 91 citations
(8.27/year, normalized TC 3.17), demonstrate
mid-level impact. Kocazeybek B’s 2009 study in
Forensic Science International has 71 citations
(4.44/year, normalized TC 1.81). Seashols-
Williams S’s 2016 paper in Electrophoresis has
65 citations (7.22/year, normalized TC 4.60).
Doty KC has two 2018 papers: one in Forensic
Science International with 61 citations
(8.71/year, normalized TC 2.02) and another
in TrAC Trends in Analytical Chemistry with
60 citations (8.57/year, normalized TC 1.98).
Lastly, Jabeen R’s 2006 paper in Electrophoresis
has 60 citations (3.16/year, normalized TC 3.14).
These metrics reflect each paper’s yearly citation
performance and their adjusted impact across the
forensic serology landscape.

Result:

Analyze Growth and Impact: From 2000
to 2023, forensic serology studies exhibited
large boom, with a complete of 201 documents
posted across 115 sources. The subject has
accelerated at an annual growth fee of four.89%,
indicating a steady boom in scholarly output.
The average age of the documents is 10.Nine
years, suggesting that most studies is notably
recent. Each file has completed a mean of
15.21 citations, reflecting a enormous impact in
the educational network. This growth trajectory
underscores the growing significance and
development in forensic serology research over
the past a long time (2).

Identify Key Contributors: Through this
analysis, it was possible to identify a variety of
leading institutions and authors contributing
to research in forensic serology. Virginia
Commonwealth University tops the list with
20 articles. This is followed by University at
Albany (15), Istanbul University (14), Osaka
City University Medical School (14) and Kenya
Medical Research Institute (10). Clearly, these
are some of the major contributors to this area of
study. Among the well-known authors who wrote
influential papers include Hanson EK, Juusola J
and Lee KW- whose high number of citations
shows their significant contributions to forensic
serology research (5).
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Examine Publication Diversity: The study
revealed a diverse range of document types
in forensic serology research. The majority of
publications are articles (138), followed by
reviews (24), book chapters (18), and conference
papers (8). Other document types include
books (4), editorials (5), and letters (2). This
variety highlights the multifaceted nature of the
field, encompassing different research formats and
contributions. The presence of various document
types indicates a robust and comprehensive
body of literature supporting forensic serology
research (6,7).

Evaluate Citation Metrics: The analysis of
citation metrics for influential papers shows a
range of impact within the forensic serology field.
Key papers include Hanson EK’s 2009 study
with 341 total citations, averaging 21.31 citations
per year, and Juusola J’s 2005 paper with
296 citations, averaging 14.80 citations per year.
Other notable papers, such as those by Lee KW
(181 citations) and Silva SS (103 citations), also
demonstrate significant influence. These metrics
illustrate the prominence of seminal works
and their contribution to shaping the research
landscape in forensic serology (8).

Limitation:

Database Limitation: The analysis is based
solely on the Scopus database, potentially missing
relevant publications indexed in other databases
such as Web of Science or PubMed.

Search Query Constraints: Boolean
operators used in the search might have excluded
relevant documents or included irrelevant ones
due to limitations in search term specificity.

Citation Data Accuracy: The citation metrics
may be affected by discrepancies or variations
in citation practices across different journals,
impacting the reliability of the results (9).

Analysis Tool Limitations: The Biblioshiny
package, while comprehensive, may not fully
capture nuances in publication quality or impact
beyond basic citation metrics (1).

Language Bias: The study focuses on
English-language publications, which could
overlook significant research contributions
published in other languages.

Guo et al. (2022) assessed the research status
of infection detection methods in CNS disease
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from 2000 to 2021 by bibliometric analysis.
A growing literature was observed, focusing
on microbiology, infectious diseases, and
bacteriology. They pointed to metagenomic next-
generation sequencing (mNGS) as a major area of
interest. Particular keywords include «pathogen»,
«pathogeny, and «diagnosis». The United States,
along with the CDC, and researchers Xin Wang
and Jennifer Dien Bard were noted as major
contributors. The study highlighted the critical
importance of advanced diagnostic methods,
particularly mNGS, in the diagnosis of CNS
pathology [10].

Xia et al. (2022) conducted the first
bibliometric analysis of COVID-19 and immune
responses, providing an overview of recent
research advances. Analyzing 2,200 publications
from December 2019 to April 2022, they found
that the United States, China, and Germany led
in research output, with the United States being
the most influential. Frontiers in Immunology
published the most articles, and Alessandro
Sette was the most productive author. The study
highlighted vaccine development and evaluation
as emerging hotspots. It concluded that while
the U.S. led in impact, China needed to improve
international cooperation and preclinical research.
Future research might focus increasingly on
vaccines [7].

Jiang et al. (2023) conducted a bibliometric
analysis to evaluate the current research status on
sepsis-related immunosuppression. Analyzing
4,132 articles from the SCI-E database in the
Web of Science Core Collection, they found
that publications and citations have increased
annually, showing growing interest. Common
keywords were sepsis, immunosuppression,
and male. Monneret from Lyon, France, was
the most prolific researcher, while Moldawer
and Chaudry from the US had the most
collaborations. Key journals included Shock,
Critical Care, and Critical Care Medicine. The
study concluded that most research is conducted
in developed countries, highlighting the need
for more collaborative research from Chinese
researchers [9].

Conclusions

The study provides a comprehensive
analysis of forensic serology research from
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2000 to 2023, and reveals significant growth
and impact in the field. The study shows a
steady increase in publications, indicating
continuous growth and scholarly interest
in forensic serology. Major institutions and
authors play key roles, with outstanding
contributions from institutions such as Virginia
Commonwealth University and influential
papers reflecting the field’s development The
diverse literature and international collaboration
emphasize the complex and multifaceted nature
of the field (10). Citation metrics highlight the
popularity of original texts, offering a detailed
perspective on their impact on the research
landscape. on the whole, this study demonstrates
the dynamic development of forensic serology,
and emphasizes the importance of continued
research and collaboration to further the field’s
progress.
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Annotation: in studies conducted on animals using histological and electron-microscopic methods
of study, analysis of the peculiarities of the reconstruction of pancreatic islets in 3-month-old rats on
the 70-th day of the course of experimental diabetes was carried out. Because this period of diabetes
in rats is a critical time to study morphofunctional changes, especially in immature rats, where the
endocrine and metabolic systems are still developing and interacting with diabetes-induced changes.
Ultrastructural features of the pancreas were studied under a PEM-125 K electron microscope at
an accelerating voltage of 75 kV. Microphotography of the sample was performed using a Leica
DM 750 light microscope and photographed using a digital SSD camera (Industrial digital camera
UHCCDO05100KPA-U-NA-N-C-SQ-NA). Morphometry was performed on micropreparations using the
Bio Vision 4.1 program in automatic or manual mode, taking into account the magnification of objects.
Structural changes at each stage of the study were analyzed in 50 fields of view on an area of 0.1 mm? of
the studied sample. The obtained data were evaluated using parametric and nonparametric statistical
methods. It was established that on the 70th day of experimental streptozotocin-induced diabetes, the
average amount of pancreatic islets per 1 mm2 probably decreases compared to control indicators
and is (4.62+0.19) (p<0.05). The area of islets decreases to (5956.84+£547.35) um2 (p<0.001), the
same trend is characteristic of B-cells, the number of which decreased to (19.7+0.41) per 0.1 mm?.
It is experimentally proven that under conditions of diabetes mellitus there is a morphofunctional
transformation of the parenchyma of the islets of the pancreas, manifested by the ultrastructural
restructuring of the existing B cells, in which the nuclei change: they acquire small size, blurred
contours due to the thinning up to the disappearance of the perinuclear space, a large amount of
condensed chromatin in which a significant number of small vesicles is detected. The amount of
condensed chromatin directly depends on the number of secretory granules in the cytoplasm — the
more granules, the more condensed chromatin and the smaller the size of the nucleus. Thus, the
introduction of streptozocin causes irreversible changes in the islets of the pancreas, namely their
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cellular composition decreases by 21%, which is mainly due to a decrease in the number of Insulin
cells. Along with this, existing cells are reconstructed in the direction of increasing their functional

activity.

Keywords: Pancreas; Insulin-Secreting Cells; Islets of Langerhans; Blood Vessels; Diabetes

Mellitus.

Introduction

According to the International Diabetic
Federation (IDF) by 2022, 537 million people in
the world suffered from this pathology, of which
more than 90% (more than 483 million patients)
had type 2 diabetes mellitus (DM). According
to IDF forecasts, by 2030 up to 643 million
people, and by 2045 every eighth adult (about
783 million people) will live with DM, that is,
a 46% increase in incidence is predicted [1]. In
Ukraine there are about 1 million patients with
DM, so the current situation with this pathology
in the world and in Ukraine calls attention to
the current state of the problem [2]. Analyzing
data from the Center for Medical Statistics of the
Ministry of Health of Ukraine, at 2019 in Ukraine
registered 207 383 patients with diabetes mellitus
(data provided without taking into account the
statistics of Crimea and the occupied territories
of Donetsk and Luhansk regions), taking
insulin preparations (58 954 — type 1 diabetes,
138 563 — type 2 diabetes, 9 886 — pediatric
patients) [3]. As a result of the findings of the
International Diabetic Federation, the prevalence
of diabetes in Ukraine is 7.3%. The percentage
of undiagnosed diabetes is 65% [4]. Diabetes
is ranked 3rd in prevalence after cardiovascular
diseases and cancer. According to World Health
Organization, diabetes increases mortality by
2-3 times and shortens life expectancy [5]. The
number of people with diabetes (20-79 years of
age) in Ukraine is 2 million 325 thousand, of
which 1,23 million have been diagnosed. These
are the data of the 10th edition of the Diabetes
Atlas of the International Diabetic Federation
for 2021. It is worth noting that 90% have a
type 2 DM. Diabetes is the cause of 6.7 million
deaths in 2021, one person every 5 seconds.
Approximately 44% of the adult population with
diabetes (240 million people) are undiagnosed,
almost 90% of them living in low- and middle-
income countries. The prevalence of diabetes

in the population, on average, is 1-8.6%, and
among children and adolescents about 0.1-0.3%,
and taking into account the undiagnosed cases,
in some countries the prevalence can reach 6%
[6]. In Ukraine, more than 1 million patients with
DM have been registered, another 2-3 million
already have diabetes in the developmental
stage, but do not suspect the presence of this
disease [7].

Experimental models of diabetes in animals,
especially rodents, are widely used to study the
pathophysiology of diabetes. For example, a
study [8] highlighted that STZ-induced diabetes
in rats leads to selective beta-cell damage with
subsequent islet atrophy and a marked reduction
in islet mass. Day 70 of experimental diabetes
in rats is a critical time point for studying
morphofunctional changes, especially in sexually
mature rats where the endocrine and metabolic
systems are still developing. Puberty plays
a critical role in how the pancreas and islets
respond to diabetic conditions. Sexually mature
rats develop an endocrine system that interacts
with the changes caused by diabetes. Hormonal
fluctuations, particularly those related to growth
factors, estrogen, and testosterone, are thought to
modulate the progression of diabetes and its effects
on the pancreatic islets [9]. found that insulin-
like growth factors (IGFs) play an important role
in beta-cell survival and proliferation. In sexually
mature rats, the absence of a fully developed
IGF system can accelerate islet destruction in
diabetic patients. Furthermore, [10] observed
that sexually mature animals show a delayed
compensatory response to insulin deficiency
compared to sexually mature animals, suggesting
that the hormonal environment affects the rate of
islet degeneration.

Analyzing the literature available to us,
we can comfirm that the age characteristics
of rats obviously affect the degree of islet
transformation, probably due to the interaction
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between hormonal development and the diabetic
state. Future studies aimed at the role of puberty in
the progression of diabetes may help to improve
the understanding and strategies for the treatment
of juvenile diabetes, and the issue of the course
of experimental diabetes, in particular, the state
of the endocrine part of the pancreas of immature
rats, is poorly studied [11, 12].

The aim of the work was to establish the
features of the structure of the pancreatic islets
(PI) of the pancreas of 3-month-old rats, and their
morphological transformation on the 70-th day of
the development of experimental diabetes.

Material and methods

The work was carried out on 25 white nonlinear
male rats weighing 40-80g. 3 months of age, kept
in compliance with all ethical requirements and in
accordance with the provisions of the European
Convention on the protection of vertebrate animals
used for research and other scientific purposes
(Strasbourg, 1986), the Law of Ukraine «On the
protection of animals from cruel treatment» of
December 15, 2009, Directive of the Council of
Europe 86/609/EEC (1986). For the experiment
animals were divided into two groups: 1 — intact
(8 animals), 2 — experimental (17 animals), in
which simulated experimental DM by a single
intraperitoneal injection of streptozotocin
(SIGMA, USA) in 0.1 M citrate buffer pH 4.5
at a dose of 7 mg per 100 g of body weight
[13] with the study of the structure of PI on the
70-th day of the experiment, of which 5 animals
served as control. Ultrastructural features of
the software were studied under the electron
microscope PEM — 125 K with an accelerating
voltage of 75 kV. Microphotography of the
sample was carried out with the help of the Leica
DM 750 light microscope and photographed
using the digital SSD — camera (Industrial
digital camera UHCCDO05100KPA-U-NA-
N-C-SQ-NA). Morphometry was performed
on micropreparates using the program «Bio
Vision 4.1» in automatic or manual mode,
taking into account the enlargement of objects.
The structural changes at each stage of the study
were analysed in 50 fields of vision on an area of
0.1 mm? of PI. The data obtained were evaluated
using parametric and non-parametric statistical
methods.
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Results and discussion

Beginning of hyperglycemia leads to
extensive damage to the islets, primarily through
the destruction of beta cells. Studies have
consistently demonstrated a reduction in the size
and number of pancreatic islets in diabetic rats.
For example, a study by authors [8] emphasized
that STZ-induced diabetes in rats results in
selective damage to beta cells, with subsequent
islet atrophy and a marked reduction in islet
mass.

It was found that the endocrine part of the
pancreas of 3-month-old nonlinear rats male
is represented by pancreatic islets, formed by
accumulation of cells surrounded by thin layers
of connective tissue, separating them from the
exocrine part of the gland. Such islets have
predominantly oval or round shape and uneven
contours, the average number of pancreatic islets
per 1 mm? of parenchyma is (13,62+0,43), and
their diameter in animals of this age group is
(39,6+0,48) um, theareais(6754,05+£566,31) pm?.
Pl consist of endocrine cells, which on histological
preparations look light against the background of
a dark exocrine parenchyma. In the cytoplasm of
endocrine cells there is a well-developed protein-
synthesizing apparatus which includes: Golgi
complex, granular endoplasmic reticulum and
secretory granules. According to the properties,
endocrine cells are divided into four main types:
B cell, A cell, D cell, PP cell (Fig. 1).

By the 70th day, morphological changes in
the islets of Langerhans are evident, with loss of
beta cells leading to decreased islet size and a
reduction in their cellular density. Microscopic
analyses [14, 15] demonstrated increased fibrosis
and disorganization within the islets, along
with infiltration by immune cells, indicating
ongoing autoimmune responses and chronic
inflammation.

The main mass of PI in rats of this age are
Insulin cells, which is 27.4+0.57 per 0.1 mm?
(69.4%). They are mostly located in the center
of PI, surrounding the course of blood vessels.
These cells have a polygonal shape and are darker
compared to other endocrinocytes (fig. 1).

At the ultrastructural level, the cytoplasm of
B cells contains numerous secretory granules
(SGs), which consist of a moderate electron-optic
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Fig. 1. Cellular composition of the pancreatic islet of a 3-month-old rat. A) Semi-thin cut, stained with
toluidine blue. B) Hematoxylin-eosin staining.
1 — exocrinocytes; 2 — B cell; 3 — A cell; 4 — D cell; 5 — capillary of visceral type.

density of the matrix, a membrane and a wide
light submembrane curve. In addition, the matrix
of the granules is placed somewhat eccentrically.
Such granules by the peculiarity we will call in
the future secretory granules of the B- type.
Functional changes in insulin secretion
The functional capacity of pancreatic islets
in diabetic rats is severely impaired. Insulin
secretion, the primary function of beta cells, is
greatly reduced or completely absent by day 70
of diabetes in many experimental models. Some
researchers [16] observed that the remaining
beta cells displayed altered insulin granules
and impaired insulin secretion in response to
glucose stimulation. This finding is supported by
other studies [17] who showed that a prolonged
hyperglycemic state results in beta-cell depletion
with reduced responsiveness to glucose and
other insulinotropic stimuli. Glucagon cells
make up 25% of the total number of endocrine
cells (9.9+£0.37) per 0.1 mm? and are localized,
as a rule, on the periphery (Fig. 1). Their sizes
are smaller than those of insulin cells, and
there is less heterochromatin in the nuclei. An
imbalance between insulin and glucagon leads to
increased hyperglycemia. Some researchers [18]
highlighted the role of glucagon in worsening
hyperglycemia by promoting hepatic glucose
production, thus exacerbating the diabetic state in

rats. At day 70 of diabetes, sexually mature rats
show a marked increase in the number and size
of alpha cells compared to beta cells, indicating
a change in islet cell composition. Studies [19]
have confirmed alpha cell proliferation in
diabetic rat models with increased glucagon sec-
retion, contributing to dysregulation of glucose
metabolism. Somatostain cells in young rat
islanders are (0,26+0,15) at 0.1 mm?, they are
star-shaped and are located, mostly, on the
periphery of the island, although they can also
be found between B cells. Pancreatic polypeptide
cells have a polygonal shape, located, mainly,
on the periphery of the island between A cells.
These cells are characterized by a well-developed
granular endoplasmic reticulum and small SGs
located along the cytoplasmic membrane. The
average number of these cells in PI is (2.1+0.16)
per 0.1 mm?, that is, 5.2% of the total number of
islet cells. On the 70-th day after the simulation
of streptozotocin DM in each PI of 3-month-old
rats, the decrease in the total number of cells is
massive. The average amount of PI per 1 mm?
significantly decreases compared to the control
indicators and is (4.62+0.19) (p<0.05). The area
of the islets decreases to (5956,84+547,35) um?
(p<0,001), the same trend is typical for B cells,
the number of which decreased to (19,7+0,41) on
0.1 mm? of the area of pancreatic islets, number
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of A and PP cells decreasing respectively to
(9.3+£0,12) and to (3.8+0,11) on 0.1 mm? area
of pancreas islands, and the amount of D cells
is practically unchanged. Ultrastructurally in
existing Insulin cells, the nuclei change: they
have small sizes, blurred contours due to the
disappearance of the perinuclear space, a large
amount of condensed chromatin, in which a
significant number of small vesicles are revealed
(Figure 2). The content of condensed chromatin
directly depends on the number of secretory
granules in the cytoplasm — the more granules,
the more condensed chromatin and the smaller
the size of the nucleus. The organelles in the
cytoplasm of such cells are not detected, except
for certain fragments of the granular endoplasmic
reticulum. Along with this, there are B cells with
less SGs and «dark» cytoplasm. In these cells
between secretory granules, mitochondria with
vague crystals can be detected. The nuclei of such
cells are larger, but in the areas of the location
of heterochromatin, vesicles are determined,
which are primarily detected in the peripheral
condensed chromatin. Secretory granules differ
from each other in both size and content — there
are almost normal structure, separate with a pale
core, some empty, there are reduced, there is —
enlarged, somewhere defined A type SGs.

On the periphery of the islands in the Glucagon
cells are first of all changes in the nuclei. The

Fig. 2. Ultrastructure of the islet of a 3-month-old
rat on the 10-th week of modeling streptozotocin
DM
1 — granular endoplasmic reticulum;

2 — B cell nucleus; 3 — B cell cytoplasm; 4 — SGs;
5 — expanded intercellular gap.

ISSN 2786-6661
eISSN 2786-667X

structure of which does not correspond to the
normal: they lose a rounded shape and acquire
an irregular. In a condensed chromatin, the
boundaries of which are blurred, vesicles are
determined. The secretory granules do not have
a clear lining, the illumination zone around the
matrix of the secretory material granules is thin,
the internal contents have different electron-
optic density. SGs are absent around the nucleus
and are located mainly on the periphery of the
cytoplasm. Intercellular gaps sharply expand
with the formation of uneven contours. In the
cytoplasm mitochondria with preserved structure
are determined.

Fig. 3. Ultrastructure of the PI of a non-mature rat
on the 70-th day after simulation of streptozotocin
DM.

1 — capillary lumen; 2 — endotheliocyte nucleus;
3 —nucleus of A cell; 4 — secretory granules of the
B-type; 5 — intercellular gap.

The cells located on the periphery of the
islands contain secretory granules of both A-type
and B-types, intercellular gaps- expanded.

The extrusion of the content of secretory
granules occurs not only in the expanded
pericapillary space, but also in locally expanded
intercellular gaps (Figure 3).

Conclusion

Therefore, the introduction of streptozotocin
causes irreversible changes in the pancreatic islets
of the drug, namely their cellular composition
decreases by 21%, which is mainly due to a
decrease in the number of B cells. Along with this,
existing cells are reconstructed in the direction of
increasing their functional activity.
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MopdodynkuionanbHa TpancgopManisi NaHKpPeaATHIHUX OCTPiBUIB
y HecTaTeBO3pisiux mypiB HA 70 100y ekclIepUMEHTAIbHOIO
HYKPOBOIO aiadeTy

MicekiB Bacuian', Koryt Aana?, KypakiBcbka Oxcana'!, Kyaiunnu-MicebkiB Map’sana’
9 9 9 9
Antumuc Oasbra’, lyruak Yasua', ['peunn Anapii’, [lepuoBuy Bacuisp'

! Kadenpa anaromii monunu, IBano-OpaHKiBCbKHI HalllOHATBHUNA MEJUYHHUM YHIBEPCUTET,
M. [Bano-®paHKiBChK, YKpaiHa.

2 Crynent 2 kypcy «JlikyBanbHa cripaBay, IBaHo-OpaHKIBChKHI HallIOHATBHUN METUYHUI
yHiBepcHUTET, M. IBaHO-DpaHKIBCHK, YKpaiHa.

* Kagenpa ¢usiarpii i myTpMOHOIOTIT 3 KypcoM npodeciiiHux XBopoo,
IBanO-®paHKIBCHKUI HAIIIOHATBHINA METUYHUHN yHIBEpCUTET, M. [BaHO-DpaHKiBChK, YKpaiHa.

Address for correspondence:
Miskiv Vasyl

E-mail: miskivv@gmail.com
+380979217969

Anomauin: Y 00cniodxcenuax npogeoeHux Ha meapuHax 3 8UKOPUCTAHHAM 2IiCMON02IUHUX
ma eneKmpoOHHO-MIKPOCKONIUHO20 Memo0i8 OO0CHIONCEHHA NPOBEOEHO AHANI3 0COONUBOCMEl
nepedy0osu namkpeamuuHux ocmpisyie y wypie 3-x micaunoeo 6iky Ha 70 000y nepebdizy
EeKCNepUMeHmMalbHo20 YyKkposozo diabemy. OcKitbKu came Oanull nepioo odiabemy y wypie €
KPpUMUYHUM MOMEHMOM OJI5l BUBYUEHHS MOPPODYHKYIOHATLHUX 3MIH, OCOONUBO Y HECAMEeBO3PIIUX
wypis, 0e eHOOKpUHHA Ma MemaboniuHa cucmemu 6ce wje po3sUeacmvCs ma 63acmMo0i€ 3i SMIHAMU,
BUKIUKAHUMU OiaDemoM.

Viempacmpykmypni  ocobnueocmi  niOwliynkogoi 3ano3u  eusuanu nio  eleKmpOHHUM
mikpockonom IIEM — 125 K npu npuckoprosanvriu nanpysi 75 kB. Mixpoghomoepagito 3pasxa
npoBOOUNU 3a O0NOMO20I0 CB8imN08020 Mikpockona Leica DM 750 i ¢omoepaghysaru 3a
oonomozoro yugpposoi SSD — xamepu (Industrial digital camera UHCCDO5100KPA-U-NA-N-
C-SQ-NA). Mopgomempito nposoounu na mikponpenapamax 3a npoepamoro «Bio Vision 4.1» 6
asmMoMamu4HoMy abo pyuHOMY Pexrcumi 3 ypaxyearHHam 30inouienus 00 ekmie. CmpykmypHi sMiHu
HA KOXCHOMY emani 00caiodcenHs ananizysanu 8 50 nonsx 3opy na niowi 0, 1 mm? 0ocnioxcysamnoco
spaska. Ompumani Oaui OYIHIOBANU 3a OONOMO2010 NAPAMEMPUYHUX | HenapamempuiHux
CMamucmuyHux mMemoois.

Bcmanosneno, wo wna 70 000y eKcnepumMeHmanibHO20 —CMpenmo30moyuHiHOYKOBAHO20
YyKposoco Odiabemy cepeons Kinokicmov 10 na 1 mm? 8ip0o2iOHO 3HUINCYEMBCS NOPIGHAHO 3
KOHMPOIbHUMU NOKASHUKAMU | cmanosums (4,62+0,19) (p<0,05). Ilnowa ocmpisyie smeHuyemobcs
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00 (5956,84+547,35) mxm? (p<0,001), maxa s mendenyis xapakmepua 01 B-knimun, Kintokicmo
axux smenwunacs 0o (19,7+0,41) na 0,1 mm?.

ExcnepumenmanvHo 008edeHo, wo 3a YMO8 YYKposozo Jdiabemy cnocmepiedcmuvcsi mopgho-
@yHkyionanbha mpancopmayis napeHximu ocmpieyie NiOULIYHKOBOI 3a103U, WO NPOSGISAEMbCS
VIbMPACMPYKMypHOIO nepedy0080i0 ICHYIOYUX B-xnimuwu, y sakux 3sminwowomscsi a0pa: 60HU
Haby8amov HeGeNUKUX POSMIDIB, HEeUIMKUX KOHMYPIE 3a PAXYHOK 8UMOHULY8AHHS AX*C 00 SHUKHEHHS
NEepUHYKIeapHO20 NPOCMOPY, BeIUKOI KLIbKOCI KOHOEHCO8AHO20 XPOMAMUHY, 68 AKOMY GUABTIAECINbCA
SHA4HA KibKicmob OpioHux ee3uxyi. Kinbkicms KoOeHCcO8aH020 XpOMAMUHY NPAMO 3ANeHCUMb 8i0
KIIbKOCMI CeKpemOopHUX 2panyl 8 YUMoniasmi — yum Oinbuie epanyi, mum Oiivuie KOHOeHCOBAHO20
XpOMamuHy i mum MeHuii posmipu s0pa.

Omoice, 66edeHHsi Cmpenmo30moyuHy UKIUKAE He360POMHI 3MIHU 8 NAHKPEAMUYHUX OCMPIGYSX
niOwyHKo8oi 3anosu, a came: Ha 21% 3menwiyemvcs ix KAIMUHHULL CKAAO, WO 6 OCHOBHOMY
00yMo81eH0 3MeHuenHAM yucia B-xknimun. [lopao 3 yum icHyroui K1imunu nepedy0o8yiomucs 6
HANPAMKY Ni08UWEHH iX YHKYIOHAIbHOT aKMUBHOCHII.

KuarouoBi ciioBa: nmianuryHkoBa 3ano3a, B-KIiTHHH, OCTpiBLI MiJIUTYHKOBOI 371031, KPOBOHOCHI
CYIIMHU, IIyKPOBUH /ia0eT.
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Abstract: nosogenies, as a category of the International Classification of Diseases, define distress
or emotional disorder that interferes with a person’s social functioning and occurs in the presence
of significant stress (or disease). The aim of the work was to determine the prevalence, clinical and
psychological features of nosogenies in myopia. Affective disorders (mood disorders) were detected in
20.5% of people with myopia: mild depressive episode (9.0%), dysthymia (11.5%); in 65% — neurotic
disorders related to stress and somatoform disorders: mixed anxiety-depressive disorder (11.0%),
neurasthenia (55.5%), hypochondriac disorder (11.0%); in 2.0% — persistent personality changes
not related to brain damage or disease: other persistent personality changes (2.0%). To study the
personality characteristics of patients with myopia, we used the «Methodology of Multifaceted
Personality Researchy. The study was conducted in accordance with the principles of the Declaration
of Helsinki of the World Medical Association. Mathematical processing of the study results was
performed using mathematical statistics methods. It was found that individuals with affective disorders
were characterized by hypochondria, significant attention to their own health, impulsive behavior,
anxiety, insecurity, difficulties in interpersonal interaction, and a focus on the world of internal
experiences. Patients with myopia and neurotic disorders were characterized by a focus on their own
health, lability and emotional instability, affective rigidity, lack of caution and prudence in actions,
optimism, an active life position, high self-esteem, and a sufficient level of sociability. Patients with
myopia and personality changes were characterized by pessimism, a tendency to introversion and
skepticism, impulsiveness and uncontrolled behavior, individualism, originality of interests, and a
decrease in general activity.

Keywords: Adaptation, Biological; Personality; Pathology; Myopia; Mental Health; nosogenies.

Introduction The formation of nosogenies involves the

Nosogenia is a diagnostic category of the semantics of the disease, clinical (features of the
International Classification of Diseases that course ofthe underlying disease, comorbid mental
defines a state of distress or emotional disorder  pathology), constitutional (personality disorders,
that interferes with the social functioning and  accentuations of their character), social (level of
productivity of an individual and occurs during  education, material security) and demographic
the period of adaptation to significant changes  (gender, age) factors. There is an opinion in the
in lifestyle or in the presence of stressful literature that when analyzing the formation of
events [1]. nosogenies, it is necessary to take into account
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the prevalence of ideas about the favorable and
unfavorable prognosis of a somatic disease [2, 3].

The possibility of nosogenies manifesting
significantly increases inthe presence of personality
disorders. Nosogenies are most often formed in
patients with such types of personality disorders
as hysterical, obsessive-compulsive, affective,
schizoid, and paranoid [4, 5]. Establishing the
relationship between personal predisposition
and the formation of nosogenies is a complex
and poorly studied problem. Its analysis is
complicated by differences in methodological
approaches — psychological (psychoanalytic) and
neurobiological on the one hand, and clinical —
on the other [2, 3].

Aim

The aim is to determine the prevalence,
clinical and psychological features of nosogenies
in myopia.

Materials and methods

200 patients with myopia were examined at
the British Ophthalmological Center in Kyiv. The
clinical diagnosis of myopia was established by
the Order of the Ministry of Health of Ukraine
No. 827 dated 08.12.2015 [6], IMI — Clinical
Management Guidelines Report [7], Myopia
control strategies recommendations from the
2018 WHO/IAPB/BHVI Meeting on Myopia [8].
All the studies were conducted according to
implemented guidelines in consideration of
GCP-ICH and the Declaration of Helsinki [9].
All patients signed the «Informed Voluntary
Consent of the Patient for Diagnostics, Treatment
and Operation and Analgesia» [10].

The inclusion criteria for the study were:
patients with mild, moderate or high myopia
combined with mild myopic astigmatism; absence
of any type or degree of amblyopia, strabismus,
and opacities of the optical media; constant use
of optical correction.

Exclusion criteria were: a history of bacterial,
viral or fungal corneal disease in patients with
myopia; keratoconus or keratoglobus; corneal
dystrophy; congenital cataract; corneal or vitreous
opacity that reduces visual acuity; glaucoma and
diseases of the macular area of the retina or optic
nerve of any etiology.

200 patients with moderate myopia and mild
myopic astigmatism in both eyes were examined.

ISSN 2786-6661
eISSN 2786-667X

58 men and 142 women aged 29,3 + 0,44 years
participated in the study. Independent distance
visual acuity of the patients was 0,13 + 0,011 U,
and the maximum corrected visual acuity was
0.87 + 0.10 IU. The optical indicators of the eye
were determined in conditions of cycloplegia
using autorefractometry. Spherical refraction
was -3,39+0,126 Dptr., and cylindrical —
-0,65 + 0,035 Dptr; length of the anterior-posterior
axis of the eye — 25,06 + 0,059 mm; thickness of
the cornea in the central point — 545,87 = 1,55 um.

To study the personality characteristics of
patients with myopia, we used the «Methodology
of Multifaceted Personality Research» [11]; we
determined the corrective indicators (L, F, K),
Hs-hypochondria, D-depression, Hy-hysteria,
Pd-psychopathy, Mt-masculinity-femininity, Pa-
paranoia, Pt-psychasthenia, Sc-schizoidity, Ma-
hypomania, Si-social introversion.

Mathematical processing of the research
results was carried out using the methods of
mathematical statistics. The statistical description
of the research indicators was carried out using
the methods of primary statistical analysis [12].
With their help, the arithmetic mean (M) and the
error of the arithmetic mean (m) of indicators
were determined, as well as the distribution of
indicators for normality was studied. The Shapiro-
Wilk test was used to check the distribution of
indicators for normality. It was established that
at the significance level of 0,05 the distribution
of most indicators is different from normal. An
analysis of the distribution was carried out for
each studied criterion. Student’s t-test was used
to assess differences in sample populations that
had a «normal» distribution. For populations
whose distribution differed from the «normal»
U-test according to the Mann-Whitney method
was used. When the distribution of quantitative
signs was different from normal, the median and
interquartile range were determined (Me (25,0 %;
75,0 %)).

Results

When studying the mental status of people
with myopia, we identified a certain typology of
nosogenies present in them:

I. Affective disorders (mood disorders) —
41 people (20,5%):

1. Mild depressive episode, F 32.0 (43,9%).
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2. Dysthymia, F 34.1 (56,1%).

II. Neurotic disorders associated with stress
and somatoform disorders — 130 people (65%):

1. Mixed anxiety-depressive disorder, F 41.2
(16,9%).

2. Neurasthenia, F 48.0 (66,2%).

3. Hypochondriasis, F 45.2 (16,9%).

III. Persistent personality changes not related
to brain injury or disease — 4 individuals (2,0%):

1. Other persistent personality changes,
F 62.8 (100%).

Dysthymia was found in 11,5% of myopic
patients. In these individuals, the disease arose
after an affective episode and a sub depressive
mood was observed for several years. The
relationship between individual phases of
mild depression and periods of normal state
varied considerably, the presence of periods of
depressive mood lasting at least 2 years being
essential. During these two years, episodes of
pronounced depression periodically appeared,
when patients had a decrease in energy and
activity, insomnia, feelings of inferiority,
difficulty concentrating, a decrease in the desire
to engage in everyday activities, a feeling of
hopelessness or despair, a pessimistic view of

ISSN 2786-6661
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the future, and a lack of desire to communicate.
Patients with myopia and dysthymia are
characterized by hypochondriasis, excessive
self-control, increased orientation to normativity,
excessive attention to one’s health (increase
on the Hs-hypochondria scale), impulsive,
poorly controlled behavior (increase on the Pd-
psychopathy scale), dominance and tendency to
rivalry in interpersonal relationships, a masculine
lifestyle, strength and endurance in men and
excessive emotionality, the desire to be protected
in women (decrease on the Mt-masculinity-
femininity scale). They were also characterized by
excessive timidity, anxiety, insecurity, conformity,
and distrust (decrease on the Pt-psychasthenia
scale), difficulties in interpersonal interaction, and
an orientation to the world of internal experiences
(increase on the Si-introversion scale) (Table 1).
Mixed anxiety-depressive disorder was
diagnosed in 11,0% of people with myopia. In
such patients, anxiety was caused not only by
certain situations or objects, in connection with
which they tried to avoid such situations or felt
fear in them. Sometimes the patients attention
was focused on somatic symptoms (decreased
vision), anxiety was often accompanied by fear,

Table 1. Personality characteristics of patients with myopia and dysthymia, mixed anxiety-
depressive disorder and other persistent personality changes

Patients with myopia

with nosogenies

Indicators of personal

mixed anxiety-

characteristics all other lasting
dysthymia ersonality chanses depressive
P y g disorder
Hs-hypochondria 64 [56; 73] 56 *** [62; 69] 65 *** [60,5; 68,25] | 65 *** [58; 83]

D-depression 56 [48,75; 64]

55 %%% [51; 61,25]

76,5 *** [72,5; 78] | 69 *** [63; 75]

Hy-hysteria

61 [53;67,25] |57 ***[52;63,25] | 61 [52; 71,5]

65 **% [54; 68]

Pd-psychopathy 57 [52; 66] 59 ** [52;63,5] 65 *** [63,75; 69,76] | 65,5 *** [55; 74]
Mt-masculinity-femininity | 47 [40; 56] 50 [38; 64,75] 59 [52,75; 60,75] 42 * [36; 58]
Pa-paranoia 56 [46; 64] 52 ** [46,5; 59,5] | 58 [56; 60,5] 63,5 *** [58; 82]
Pt-psychasthenia 47,5[38; 58] |49 ***[40,5;61] |69 [61;76] 56,5 *** [46; 65]
Sc-schizoidity 53 [43; 66] 51 ***[44,25; 60] | 66 *** [59,5; 72] 71 ***[60; 75]
Ma-hypomania 55147, 61] 54 [47; 58] 55,5 [51,75; 58] 54 [47; 60]
Si-social introversion 54 [47;61] 54 **%[52)5; 61] | 64 *** [58,75; 69,5] |65 ***[56; 73]

Note: comparison was made between groups with and without nosogenia
*— p<0,05; ** — p<0,01; *** — p<0,001.
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and even the thought of possible complications
caused anticipatory anxiety. Symptoms of
anxiety and depression were present in the
clinical picture of these patients, but without
clear dominance.

Individuals with myopia and mixed anxiety-
depressive disorder were characterized by
pessimism, dissatisfaction, anxiety, hyposthenic
type of reaction (increase on the D-depression
scale), tendency to introversion, skepticism,
lack of spontaneity in social interaction (dec-
rease on the Hy-hysteria scale), impulsive,
poorly controlled behavior (increase on the Pd-
psychopathy scale), affective rigidity, tendency
to pedantry, rivalry, and getting stuck on negative
experiences (increase on the Ra-paranoia scale),
excessive timidity, anxiety, insecurity, conformity,
distrust (decrease on the Pt-psychasthenia scale),
difficulties in interpersonal interaction, turning
mainly to the world of subjective experiences
(increase on the Si-introversion scale).

A mild depressive episode was diagnosed in
9,0% of patients with myopia. These individuals
had a persistently depressed mood, loss of
energy, activity, and ability to enjoy. They were
characterized by early morning awakenings and
worsening depression, pronounced psychomotor
retardation, loss of appetite, body weight, and
sexual desire. Despite the persistently depressed
mood, the patients continued their daily activities
and performed all their duties. Pathologically
pronounced depressive mood did not depend
on circumstances, persisted throughout the day
without change, and lasted for at least 2 weeks.
The leading symptoms of this disorder, in
addition to bad mood, were a decrease in interest
in professional and everyday activities, loss of
the ability to get pleasure from them, decreased
energy and increased fatigue during physical
and mental efforts, decreased self-esteem and
loss of self-confidence, unreasonable self-blame
and inadequate feelings of guilt, decreased con-
centration and indecision.

Individuals with myopia and a mild
depressive episode were characterized by
pessimism (increase on the D-depression scale),
affective rigidity, a tendency to pedantry, rivalry,
and getting stuck on negative experiences
(increase on the Ra-paranoia scale), lack of
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caution and prudence in actions, special pedantry
in matters of morality, nonconformity and
egocentrism (decrease on the Pt-psychasthenia
scale), individualism, originality of interests,
unpredictability of actions, irrational approach
to solving problems, detachment from reality
(increase on the Sc-schizoidity scale), decreased
love for life and general activity (decrease
on the Ma-hypomania scale), difficulties in
interpersonal interaction, immersion mainly in
the world of subjective experiences (increase on
the Si-introversion scale) (Table 2).

Neurasthenia was suffered by 55,5% of people
with myopia. This disorder in the examined
patients manifested itself in two forms. In some
people, the leading complaints were increased
fatigue during mental exertion, which reduced
their professional productivity or impaired their
ability to perform everyday tasks. Manifestations
of mental fatigue were most often associated with
unpleasant interference, distracting associations
or memories, impaired concentration or general
inefficiency of thinking. Other patients were more
concerned about physical weakness, exhaustion
at the slightest effort, muscle pain, and inability
to relieve tension. All patients with neurasthenia
complained of dizziness, tension headaches,
a feeling of general instability, concern due
to mental or somatic discomfort, irritability,
anhedonia, depressed mood and anxiety, and
sleep disturbances. They were unable to relieve
severe mental or physical fatigue even after rest
or entertainment.

Individuals with myopia and neurasthenia
were characterized by excessive attention to their
own health (increase on the Hs-hypochondria
scale), desire to impress others (decrease on
the D-depression scale), lability and emotional
instability (increase on the Hy-hysteria scale),
affectiverigidity, tendency to pedantry, rivalry and
getting stuck in negative experiences (increase
on the Pa-paranoia scale), desire to overcome
obstacles, dominance and tendency to rivalry
in interpersonal relationships in men, softness,
cordiality, passivity and restraint of behavior
in women (decrease on the Mt-masculinity-
femininity scale). Typical were also the lack of
caution and prudence in actions, special pedantry
in matters of morality, non-conformity and
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Table 2. Personality characteristics of patients with myopia without nosogenia
and with neurasthenia, hypochondriac disorder and mild depressive episode

ISSN 2786-6661
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Patients with myopia
" Charactertsics IR Rosogenies without

neurasthenia hyp(;)icsl(:;)(l;g:lac mlldegg:) l"ie:swe nosogenies
Hs-hypochondria 64 *** [58; 73] 78 *** [74; 84] 56 ** [50; 64] 50 [47; 85]
D-depression 51 [43; 57] 70 *** [65; 75] 58,5 *** [53; 65] | 49 [47; 53]
Hy-hysteria 63 *** [55; 70] 67,5 ¥** [63; 72] 61 *** [53; 65] 49 [48; 53]
Pd-psychopathy 57 #** [52; 64] 64 *** [57; 74] 62 *** [52; 69] 52 [48; 57]
Mt-masculinity-femininity | 45 *** [40; 53] 46 * [34; 59] 42 *** [38; 53] 53 [50; 59]
Pa-paranoia 57 ¥** [46; 64] 57 *** [52; 67] 64 *** [54; 66] 46 [42; 54]
Pt-psychasthenia 44 *** [36; 55] 55,5 *** [48; 62] 48 *** [42; 53] 36 [29; 44]
Sc-schizoidity 52 *** [44; 60] 57 *#** [49; 74] 57,5 ¥** [47;70] | 40 [38;45]
Ma-hypomania 55 [47; 66] 57 ** [50; 66] 55 [47; 60] 53 [47; 58]
Si-social introversion 52 [44; 59] 60 *** [56; 65] 51 [47; 61] 51 [42; 52]

Note: comparison was made between groups with and without nosogenia

*— p<0,05; ** — p<0,01; *** — p<0,001.

egocentrism (decrease on the Pt-psychasthenia
scale), optimism, active life position, high self-
esteem, emotional immaturity, sthenic type of
reaction (an increase on the Ma-hypomania
scale), a sufficient level of sociability (decrease
on the Si-introversion scale).

Hypochondriac disorder was found in
11,0% of people with myopia. These patients
were convinced that they had a serious disease
with a progressive course, and constantly
presented many somatic complaints. They often
explained normal sensations and phenomena
as pathological or unpleasant and often
focused attention on the eyes. The persistent
conviction in their somatic diseases and the
search for corresponding symptoms, constant
concern about possible ugliness or deformation
caused discomfort or interfered with normal
life, forced patients to seek medical help from
different doctors or to seek additional functional
examinations.

Individuals with myopia and hypochondriasis
were characterized by hypochondria, rigidity,
excessive control, significant orientation to
normativity, excessive attention to one’s physical
condition (an increase on the Hs-hypochondria
scale), pessimism, dissatisfaction, anxiety, hypo-

sthenic type of experiences (increase on the
D-depression scale), affective rigidity, a tendency
to pedantry, rivalry and getting stuck in negative
experiences (increase on the Pa-paranoia scale),
individualism, originality of interests, the
unpredictability of actions, irrational approach
to solving problems, detachment from reality (an
increase on the Sc-schizoidity scale), decrease in
vital tendencies and general activity (decrease
on the Ma-hypomania scale), difficulties in
interpersonal interaction, turning mainly towards
subjective experiences (increase on the Si-
introversion scale).

Other persistent personality changes were
diagnosed in 2.0% of myopic patients. These
patients constantly felt tense, were haunted
by difficult premonitions, were unsure of their
safety and their situation, and felt inferior. At the
same time, they felt an acute need to be liked
by other people, really wanted to be accepted
by them, and painfully experienced rejection
and criticism. They limited the number of
personal attachments and avoided certain types
of activities, considering ordinary everyday
situations dangerous. These patients were
characterized by constant internal experiences,
and their behavior significantly deviated from the
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«normaly in a given social environment. This was
manifested in like perception and interpretation
of various phenomena, people, or events, in the
formation of attitudes towards themselves and
others, as well as the image of their own «I» and
the images of other people, in emotional control
over impulsivity and the desire to satisfy their
own needs, in the style or means of regulating
interpersonal interaction.

Behavioral disorders were manifested in the
fact that it was maladaptive, and inflexible in
a wide range of personal and social situations
and remained so, starting from a young age.
These patients constantly felt tension and
bad forebodings, were confident in their
unadaptability to life, social inadequacy,
unattractiveness and inferiority, and constantly
felt the threat of becoming an object of criticism
or becoming an outcast in social situations. They
even tried not to contact people if they were
not sure of their positive attitude towards them,
they created certain restrictions for themselves,
tried to ensure their physical safety, and avoided
social and professional activity.

Patients with myopia and other persistent
personality changes were characterized by
hypochondria, excessive self-control and atten-
tion to one’s health (an increase on the Hs-
hypochondriascale), pessimism, dissatisfaction,
tendency to worry, hyposthenic type of reaction
(increase on the D-depression scale), tendency
to introversion, skepticism, insufficient spon-
taneity in social interaction (decrease on the
Nu-hysteria scale), dissatisfaction with life,
belonging to a certain social group or position
in it, a sense of one’s inadequacy, experiencing
injustice or misunderstanding on the part of
others (increase on the Pd-psychopathy scale).
They were also characterized by efforts to
overcome obstacles, dominance and a tendency
to rivalry in interpersonal relationships — for
men and softness, cordiality, passivity and
restraint of behavior — for women (decrease
on the Mt-masculinity-femininity scale),
impulsivity, uncontrolled behavior (increase
on the Pt-psychasthenia scale), individualism,
originality of interests, unpredictability of
actions, irrational approach to solving problems,
detachment from reality (increase on the Si-
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introversion scale), decrease in life-loving
tendencies and general activity (decrease on the
Ma-hypomania scale).

Discussion

A recent study showed that myopic patients
had low scores on goal-directedness, empathy,
willingness to help, compassion, and willingness
to cooperate, indicating that individuals with
refractive errors are less compassionate and
more egocentric [13]. This study also showed
that individuals with myopia and astigmatism
are more dependent, helpful, and independent
than normal myopic patients [13]. A recent
study suggested that temperament and character
are influenced not only by the presence of
refractive error but also by the type of refractive
error [13]. A recent study assessed five different
personality traits (introversion, agreeableness,
conscientiousness, neuroticism, and openness)
in myopic individuals and found that the more
myopic the patients, the more they were prone
to conscientiousness, introversion, and closed-
mindedness [14]. If we analyze a person with
myopia using the Eysenck questionnaire, then
no relationship was found between such traits
as psychoticism, extraversion neuroticism, and
refractive status [15]. Our results significantly
expand the knowledge about the prevalence
of mental and behavioral disorders in patients
with myopia, because the data available in the
literature to date are extremely limited and
contradictory.

The results of the study were obtained by
the authors during the research work of the
Department of Ophthalmology of National
Medical University named after O.O. Bogomolets
of the Ministry of Health of Ukraine «Improving
diagnosis and treatment of pathology of the retina
and optic nerve vascular, traumatic and endocrine
genesis» (state registration Ne 0120U100810;
term: 2021-2023 yars).
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Anomayia: nozozenii, ax kamezopis Mixchapoonoi knacugikayii xeopob, eusHauae oucmpec
Yu eMOYItiHULL PO31A0, WO NEPEUKOONCAE COYIATbHOMY (DYHKYIOHY8AHHIO 0CODU MA BUHUKAE NpU
Has6HOCMI 3HA4HO20 cmpecy (abo 3axeoprosanis). Memoro pobomu 6yn0 3 ’acy8anHsa nowupeHocmi,
KAIHIYHUX Ma Ncuxonoziunux ocoobnueocmeti Hosoeenin npu mionii. ¥ 20,5% oci6 3 mionicio 6y10
8USABNEHO aAheKmuUsHI po3naou (po3naou HAcmpoio): neekuil denpecusnuti enizod (9,0%), oucmumiio
(11,5%); y 65% — nespomuuni po3naou, nog’s3ami 3 cmpecom ma comamopopmHi ponaou: IMIUaAHUL
mpugodcHo-oenpecusnuti poznao (11,0%), neepacmeniro (55,5%), inoxonopuunuii posnao (11,0%); y
2,0% — cmitiki 3MiHU 0cObUCMOCMI, He N08 S3aHI 3 YPAHCEHHAM ADO 3AX60PIOBAHHAM 20T08HO20 MO3KY:
iHwi emiuki sminu ocobucmocmi (2,0%). /[na 0ocnioscennss 0cobucmicHux xapakmepucmux nayieHmie
3 Mmionielo mMu 3acmocosysanu «Memoouxky 6a2amocmopoHHb020 OO0CHIONCEHHS O0COOUCTNOCHILY.
Hocnioocenns nposoounocs y eionogionocmi 3 npunyunamu I envcincovkoi oexnapayii Ceimogoi
meouunoi acoyiayii. Mamemamuuny 00poOKy pe3ynbmamié O0CHIONCEHHS BUKOHYBANU MemOoOamMU
MamemMamudHoi Cmamucmuku.

byno ecmanosneno, wo ocobam 3 aghexkmusnumu poznadamu 6yiu NPUMAMAHHI INOXOHOPIS, 3HAYHA
y8aza 00 6l1ACHO20 300p08’sl, IMNYIbCUBHA NOBEOIHKA, MPUBOINICHICb, HEeBNe8HEeHiCmb, MPYOHOU)L
MIHCOCOOUCICHOI 83a€MO0IL, 36epHeHiCmb V c8im GHYympiwHix nepexcugats. Ilayienmam 3 mionieio
ma He8POMUYHUMU PO3NAOAMU — 30CEPEOHCEHICIb HA 81ACHOM) 300P08 T, 1aOLIbHICMb MA eMOYIlHA
Hecmitikicms, agekmugHa pulioHicmy, GIOCYMHICMb 00epedCHOCMI ma 00ayuIuocmi y B4UHKAX,
ONMUMIZM, AKMUBHA HCUMMEBA NO3UYIS, BUCOKA CAMOOYIHKA, 00CMAMHIl PigeHb KOMYHIKAOeIbHOC.
Xeopum 3 mioniero ma smiHamu 0CoOUCMOCMI —NeCUMI3M, CXUIbHICIb 00 IHMPOBEPCIi Ma CKeNMUYU3MY,
IMRYIbCUBHICID 1l HEKOHMPOILOBAHA NOBEOTHKA, IHOUBIOYANIZM, CBOEPIOHICIYb IHMEPeCi8, SHUNCEHHS
3a2anbHOI AKMUBHOCMI.

Kurouogi ciioBa: Ananraris, @izionoriuna; Ocobucticts, Ho3orenii, Miomnis, [Icuxiune 310poB’st
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Ocrecunnturpadis B cydyacHiil KJIiHiYHiIi npakTuni (omisg JiTepaTrypn)
HeuaeB Mukutal, Tkauenko Muxaiisio?, Pomanenko 'anna?, MakapeHko AHaTO.Tiii?,
Muponosa Ouena?, Ma3yp Anacracis?
I HartioHasibHa quTsIYa crieniagizoBaHa JrkapHs « OXMaTauTy Biaail SaepHoi Me UMM,
KuiB, Ykpaina
2 HamionaneHuii Menuanuit yaiBepcutet iMeHi O.0O. boromonsbis,
kadeapa pazionorii Ta paxianiiinoi meauuunu, Kuis, Ykpaina
Address for correspondence:
Romanenko Hanna

E-mail: ganusya96(@gmail.com
+380503127031

Anomauyia: ¢ cmammi po321sIHYMO OCHOBU PAOIOHYKIIOHO20 OO0CHIOJCEHHs CKelemy, icmopis
PO36UMKY MemOo9y, 1020 MONCIUBOCMI, 00MexCcYIoui (hakmopu 1 NepcneKmusu  po3eUmKy.
Ocmecyunmuepaghis cb0200HI 3aUMAE 00He 3 NPOBIOHUX MICYb 68 OHKONOIUHIL npakmuyi ma Oas
8UABNeHHSA I OUghepeHYitiHOT OilacHOCMUKU 3aNnalbHUX npoyecie Kicmok. Ha cb0200Hi € 00HUM 3 HAUOiTbWU
3ampedy8aHUX | BAHCUBAHUX SOEPHO-MEOUUHUX OOCHIONHCEHb 3AB0SAKU CBOIll BUCOKIU YYMAUBOCII 05
suseneHHs namonoeii xkicmok. Y kainiuniu npaxmuyi cyunmuepaghis ma ODEKT/KT ckenema €
OOHUMU 3 YHIKATbHUX MA NePCNeKMUBHUX HANPIMI8, 6 momy Yucui i 3a805Ku po3pooyi noeux PDII,
NOKpaujeHHs: KOHMPOIIO 3a AKICMIO 01a2HOCMUKU, JIIKY8AHHS MA AKOCMI HCUMM S OHKOLO2IYHUX X80DUX.
OcmanHim yacom memoouka ocmeocyunmuzpaii nadbyna iHMeHCcU8HO20 pO38UMKY | B0OCKOHANICHHS,
Wo NOKpawuno ii OiacHOCMUYHI MOJNCIUBOCTI, ale ii HANEeNCHICMb 00 MPemvboco PiGHs. NPOMEHeBOT
diacHOCmMUKU, Npuseso 00 moeo, Wo 00I3HAHICMb NIKaApPie PI3HUX (axo8ux HANPAMKIE HeOOCMamHsL
018 YCRiwH020 uKOpucmants 6cix ii moowcnusocmeil. Taxka ingopmayis HeobXiOHa cyHacHOMY
JIKApro 'y 36 3Ky 3 MuM, Wo s0epHa MeouyuHa Habysae 8ce DINbUIO2O POZNOBCIOONCEHHS | 6X00UMDb
00 bazamvox po30inie meouuroi nayku. Llet oenad 3abe3neuye OHOBIEHHS NOKA3AHbL 3ACMOCYBAHHSL
ocmeocyunmuepagii. npu pi3HOMAHIMHUX YPAICEHHAX ONOPHO-PYX08020 anapamy i O0emMOoHCmpye
8a20Micmb padioHyKAIOH020 CKAHYBAHHS 8 MOHIMOpUH2Y HiKyeanHs. Ha nauty oymky ysa cmamms 6yoe
npeocmaesnamu KiiHiuHy yYikagicmo OJis1 Mepanesmis, peemamosiocis, peHmeeHon02ie, opmoneois-
Mpasmamorozie, OHKON02i8, peabilimonocie ma iHWUX Cneyianicmie, sKi 3auUMaomscs namono2icio
ONOPHO-PYX0B8020 Anapamy.

KarwuoBi cioBa: HOBOyTBOpEHHS;, 3alajibHi 3aXBOPIOBAHHS KiCTOK; METAcTa3H; OCTEOOIacTH,
OCTEOIINTH; PaJIi0130TOITHA IaTHOCTHKA; paliopapMaIieBTUKa; CKEJIET; XpeOeT; saepHa MeAUIINHA.

Beryn 00 CIPUATH OUIBII MIUPOKOMY 3aCTOCYBaHHIO
B cBiTOBili mpakTHlll Bce OumbIIy Bary Ha-  ocreocruHTHrpadii [1]. Bona BiroueHa a0 Oa-
OMpaloTh METOIW SIIEPHOi MIarHOCTHKH. €B-  TaThOX IPOTOKOJIB OOCTEKCHHS 1 MOHITOPHUHTY
poreiicbka  acoriaiiss  SAepHOi  MEAMLMHU  OHKOJIOTIYHUX XBOpHX. AJe 11 3aCTOCYBaHHS HE
(EANM) nanucana Ta cXBaluja peKOMEHJalii, O0OMEXY€EThCs JIHIIE OHKOJIOTIYHO MPaKTUKOIO.

Ukrainian scientific medical youth journal, 2025, Issue 1 (152)

http://mmj.nmuofficial.com

77


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
mailto:ganusya96%40gmail.com?subject=

UKkrainian Scientific Medical Youth Journal

Issue 1 (152), 2025

Creative Commons «Attribution» 4.0

OcrecruaTurpadis CHOTOIHI € OTHUM 3 Hali-
YacTillle 3aCTOCOBYBAHUX IOCIHIJKEHb SIEPHOL
MEIUIMHHU 3aBISKU BHCOKOI YYTIMBOCTI METO-
Ny JUIs BUSIBIIGHHS TIATOJIOTIT ckeneTy. B manwmii
yac cuuHTUrpadis HaOyna HIMPOKOTO MOIIHU-
pennst y CIIIA, €Bpormi Ta psiai iHIIUX KpaiH.
Tak y CIIA B 2007 pori mpoBeAeHO MOHAT
17 MinpiOHIB pafioOHYKIITHUX IOCHIKEHb Y
OipIn HiX 15 MiTBHOHIB 0ci0. Y €Bpori B TOMY
K polll — moHaa 12 MUIBHOHIB IOCTIIKEHb. Y
KIHIYHIA mpaktumi cuuaTurpadis, ODEKT/
KT 1 IIET/KT ckenera BU3HAHA TMEPCIICKTHB-
HUM HaIpsIMKOM JIOCTIIKE€Hb OMOPHO-PYXOBOL
CUCTEMU HE TUIbKHU JUIsl BUSIBJICHHS NIEPBUHHO-
rO 1 BTOPUHHOTO YpaXXeHb CKEJETY, a 1 Ma€ IIH-
POKI MOXIJIMBOCTI JJi1 BU3HAYECHHsI 3alalbHUX,
JlereHepaTUBHO-AUCTPODIYHUX 1 crenudiuHuX
3aXBOPIOBaHb, X AU(EPEHIIHOI JiarHOCTHKH,
a TaKo)XK KOHTPOJIO 3a JIKYBAaHHSM Ta SIKICTIO
KUTTS XBOPHX.

OcTaHHIM YacoM METOJMKa OCTEOCIIMHTH-
rpadii HaOyna IHTEHCHUBHOIO PO3BUTKY 1 BJO-
CKOHAJICHHS, IO TMOKPAIIWIO ii J1arHOCTUYHI
MOXJIMBOCTI, aje i1 HaJEXKHICTh 0 TPETHOTO
pIBHS MPOMEHEBOi JIarHOCTUKH, IMPHUBEIO 0
TOTO, IO O0I3HAHICTh JIIKapiB Pi3HUX (HaxOBHX
HaMpPsIMKiB HEJOCTATHSA AJIs YCIIIIHOTO BUKOPH-
cTaHH BciX ii MoxnuBocTel. Taka iHpopmaris
HeoOXiJJTHa Cy4acHOMY JIIKapro y 3B’S3KY 3 THM,
0 KJIIHIYHA KapTUHA 0araTboxX 3aXBOPIOBaHb
HaOyBa€ HETUIIOBOI KIIIHIYHOT KAPTUHU 1 OCTEO-
cruuHTUTpadiss MOXKEe HAJATH JTOIaTKOBI O3HAKH
3aXBOPIOBAHb 1 JOMOMOTTH Y TU(EpeHITiaTbHIi
IarHOCTHIIL.

CyyacHHHl pO3BUTOK MEIUIIMHH BHUMAarae
Bii (axiBIliB 3aCTOCYBaHHS THX METOMIB Jia-
THOCTHKH, SIKI MOXKYTh IIBHJIKO HAJIaTH MaKCH-
MaJIbHY KIJTBKICTh 1H(OpMAIIii, TpU MiHIMaJIbHIN
IIKOA1 7Sl TAIli€HTa 1 BiAMOBIAAIOTh CYYacHUM
BUMOTaM JUJIsi TATOTHOMOHIYHOTO JIIKyBaHHS.
JInst TOCATHEHHS IIbOTO HEOOXITHO CBOE€YACHO
iHpOpMyBaTH MEIWYHY CHUIBHOTY MPO CyYacHi
MOKJIMBOCTI BHICOKOCTICIIIaJIi30BAaHUX METOIIB
TOCTI/KeHb, 30KpeMa S/IEpHOT MEAUIINHH.

Mera

[Toka3aTn BaxJIMBICTh OUIBII aKTUBHOTO BU-
KOPHUCTaHHS PaJIIOHYKIIITHOTO JAOCIIKEHHS Ki-
CTOK HE TUIbKH B OHKOJIOT1YHIHM MpaKTHIIi, a 3a-
raJioM B OpPTOMeIii 1 TpaBMaTONOT 1.

ISSN 2786-6661
eISSN 2786-667X

Orusig i 00roBopeHHst

Icmopuuna 0o6ioka

3010TUM  CTaHIAPTOM JUISL  JTOCJIIJKCHHS
OTIOPHO-PYXOBOI CUCTEMH MPOTATOM JECATHPIYb
JUIIAETHCS PEHTTEHOJIOTTYHUN MeTon [2], BiH
CTaBaB BCE OLIBIN JOCKOHAIUM, Oyl po3po0iie-
HI METOJMKH, ITiIBUIIYBABCS CTYIIEHb TOYHOCTI,
aje BCE K 3AJIUIIUBCS CYTO aHaTOMO-TOIOTrpa-
¢biuyanm MetozoM [3]. B yMoBax akTUBHOTO TO-
CTIMHOTO PO3BUTKY MEIMYHOI HayKH, MOXKJIUBO-
CTEH PEHTICHOJIOTIYHOTO METOY CTaJIO 3aMallo,
TOMY BC€ IIUPIIE MMOYaJId 3aCTOCOBYBATHUCS Me-
TOJTH SIZICPHOT METUIIMHU, @ CaMe PaIIOHYKIIiTHOT
JIarHOCTUKH, TOYHIIIE ocTeocuHTUTrpadii [4].

Brnepiie i3otonu ans qiarHOCTUYHOI pajio-
HYKJIiHOT 1HIMKarlii Oyiau 3acTOCOBaHI B K-
HiuH1{ npakTuii y 1927 p. HalGiabm akTHBHUIMA
PO3BHUTOK SIJICPHOI MEAWIIMHU BiAOYBCS MMiCIIA
po3pobku Xemtom Enmxepom (1.O. Anger) mpo-
TOTUMY rama-kamepH. Ilicisg orpumanHs mTyy-
HUX palioHyKIiAiB XiMmik J[xopmx ne Xeser
(George de Hevesy) po3BuHYB iji€t0, IO pajio-
aKTUBHHAM 130TON, XIMIYHO HEBIIMIIBLHHUI BiX
CTaOUIBHOTO 130TOIY, MOXKHA BUKOPUCTOBYBAaTU
AK 1HAUKaTOp ocTaHHbOro. Pazom 3 @. [lanetom
(F. Paneth) BiH BUKOpHCTOBYBAB 1€ METOJ JIJIst
BHUBUYEHHS PO3YMHHOCTI cojieli cBuHIO. Jle Xe-
BEIlI TaKOXX 3pO3yMiB, 110 Il METOA MOXKHA BH-
KOPUCTOBYBATH JJIsl BUBYCHHS O10JOT1YHUX MPO-
1eciB. Ane mpuponHi pagiOHYKIIIU, JTOCTYIHI
Ha TOW yac, OynM HACTUIBKH OTPYHHHMH, IIO
TaKi JOCIIKEHHS Oyl HEMOXKIIMBI.

VY 1935 poui [le Xesem 3BepHyBCst 10 Hinb-
ca bopa B Inctutyr Konenrareny [uis momryky
PamiOHYKITITIB SIKI MOXKHA OyJs10 6€3MeYHO 3aCTO-
cyBaTH B O10JIOTIYHUX CIOCTEepeKeHHIX. s
JOCTiKeHB OyB 00panuii 32P, 1o posmouano ce-
pil0 eKCIIEpUMEHTIB, € pi3Hi (HocOopHi cromy-
KU JIaBaJid TBAPHUHAM [ BUBUEHHS PO3MOALTY 1
MeTabomi3mMy pedoBuH. Pesynbraru 11i€i poboTH
Briepiie Oyiu ormyOmikoBaHi B )KypHauti «Naturey
y BepecHi 1935 poky pazom 3 HaTrchKuM JliKa-
peMm O. K’esiniem (O. Chievitz). L{s myOmikarist
pO3KpHBaJia HOBY 1H(OpPMAIlIIO TPO KiCTKOBUM
MeTabomni3zm: «Pe3ynbTaTi HaIMX JOCHTIKEHb
MIATPUMYIOTh TOTVISA, 10 (POPMYBAHHS KICTKH
€ IMHAMIYHUM MPOIIECOM, BOHO MOCTIHHO BUMa-
rae aTomiB Gpocdopy, sIKi 4aCTKOBO a00 MOBHICTIO
BTPAyYalOThCsl Ta 3aMIHIOIOTHCS 3HOBY I1HIIUMH
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atomamu (docdopy», — Hamucanu aBTopu. [le
XeBeln BBaKalOTh IPOBIIHUKOM pPaJli0aKTHB-
HOTO 1HIUKAaTOPHOTO METOAY 1, OT>KE, 3aCHOBHH-
KoM siiepHOi MenuiuHy. Lleit gpaxt Bu3nana €Bs-
porieiicbka acouiaris saaepHoi MEIUIUHHU, sKa
3acHyBaja MeJanb Ha Horo mam’sate. B 1930 p.
iHmmit Haykoseup, E. Jloypenc (E. Lawrence), B
yniBepcureti Kamigopnii B bepxui (University
of California in Berkeley) po3pobus mnepmuit
UUKIOTPOH 1 HampukiHii 1933 poky mnoOyny-
BaB amapar, 3JaTHUH TMpaiioBaTH 3 MyYKOM
nenuTpoHiB, eHepriero 3 MeB. Heittponu Oymu
OTpUMaHi B pe3ynbTari 0oMOapayBaHHS JETKHX
€JIEMEHTIB, 1 BIATOMI CTAll0 MOXKJIUBUM BHUPOO-
JSATA PaliOHYKIIIM Maike BCIX E€JIEMEHTIB Y
JOCTaTHIA KUIBKOCTi, IO JO3BOJIWJIO PO3IO-
4aTh MeIUKo-Oionoriuni nocmimkeHas. Cro-
rOIHI HaWOUIBII IIMPOKO 3aCTOCOBYETHCS B
miarHocTuIll pamionykiin texuemiro (Tc). Bin
OyB 3aIllpONOHOBAaHUN K HAMOLIbII 3pyYHUH 1
oesneunuii [1.B. Xapnepowm 1 #oro xoneramu B
AprosHcheKiii HamioHanbHIM maboparopii CIHIA
(Argonne National Laboratory) B 1962 porii.
Texneniit 99 m € novipHIM pagiOHYKIIIOM MO-
ni6xeny (Mo), sikuit MOYKHA BUPOOJISATH MO1IOM
a00 HEUTPOHHOIO aKTHBAIIEI cTablIbHOTO Mo.
Ane TexHelil MaB BiJIHOCHO KOPOTKHH TEPioJ
HamiBpo3nany y 6 roauH, a #oro morpioHo Oyio
JOCTaBJISITH /IO JIIKAPEHb KOKEH JIeHb, IO BU-
Marajgo BUCOKOE€(EKTUBHOI TPAaHCIOPTHOI CHC-
TEMU JIJIsl YHUKHEHHs 3aTpuMok. lle mpusBeso
70 PO3pPOOKH MOIOAEHOBOI T€HEPATOPHOI CHC-
TEMU 1 KOPUCTYBa4l 3MOIIM OTPUMATH TEXHELIN
Ha MiCIIi, IOJHS, IUIAXOM MPOCTOi MPOLELYpH
emoarii. ['eHeparop pa3om 3 HECKJIAJHUMU Me-
TOJaMH JIJIsi BIACHOTO BHPOOHUIITBA pajaiodap-
MAaIeBTUYHUX MperapaTiB 3poOuB sepHY Me-
JTUIMHY OUTBIN JOCTYITHOIO, HABITH IS MaTuX
JikapeHs [5].

CUMHTUNSUIAHANA  JIETEKTOp 10HI3YHOYOTrO
BUIIPOMIHIOBAHHS 13 CIELIAJIbHOIO KPHCTATY
BHCOKOI HIUIBHOCTI 1 Ipo30pocTi, OyB 100pe Bi-
JOMUH 3 moyarky 1poro cropivus. ITizHime Oys
po3pobieHni (POTOMOMHOXKYBAY 1 IIUM TpHJIa-
JIOM BIAocsi €(peKTUBHO BHUSBISATH CIUHTHIIS-
HIHI crajax 1 MEPeBOIUTU iX B €JEKTPHUUHI
curHaiu. JIIYMIBHUK UIST MEAMYHOTO BUKOPH-
cranHs OyB ckoHcTpyioBanuii B. Cassen Ta
Woro kosjeramMu. B HbOMY BHUKOPHCTOBYBaBCS

ISSN 2786-6661
eISSN 2786-667X

KpUcTal BosibpamMaTy Kajbllifo, SKuii OyB cIie-
IaJIbHO PO3pOOJICHUI IJIa JIOKasi3allii Hako-
MUYCHHS PaJl0aKTUBHOTO MOAY B IIMTOBUIHIN
3ano03i. B moganemomy cucrema Oyna BIOCKO-
HaJeHa BEJTMKUMHU KpUCTATaMH HOIUAY HATPIIO
1 GOTOIOMHOXKYBaYaMH.

VY HacTymHi poku Oynu po3poOlieHi cucTeMu
30BHIIIHBOTO MiAPaXyHKY 3 CHUHTHIISAIIHHUMHU
JIETEKTOPAMU JIJIsl BU3HAYEHHSI 4aCOBOTO PO3IIOIi-
7y B AUHAMIYHHUX JOCTIPKEHHSX CEpPILIEBOTO BU-
KUy 1 pyHKuUii HUpok. Haitbinpmmii npopus ass
CTallloHapHUX amapariB BiaOyBcs B 1957 pomi,
xonu Xet Enmkep (1.0. Anger) po3po6uB mpo-
TOTHIT TaMMa-KaMepH («kamepu EHKepay), Skii
CKJIaJIaBCs 3 JBOX IOB’SI3aHUX YaCTUH — CIIPUii-
Marouoi 1 mepeTBoprorouoi [6]. Lle OyB mpuHIM-
IOBO 1 TEXHIYHO HOBHUH amapar, NpH3HaYeHHUH
JUISL PEeECTpallii MPOCTOPOBOTO PO3MOALTY pajiio-
dapmanesruynoro npenapary (P®II) y 6ionoriu-
HOMY 00’€KTi. 3aMiHHMBIIH TUTiBKY HA HMPOTOTHII
(OTONOMHOXKYBAUiB, SIKMH 3BaKyBaB CHTHAIH 3
JIETEKTOPIB, B HACIIJOK YOTO CTAJIO MOXXJIMBUM
JIOKaJIi3yBaTH JPKEPEo CUMHTUIIALIHHOTO cTiaja-
Xy 3apeecTpoBaHOro ramMma-kamepoto. Jlani cuc-
Tema Oylia BIOCKOHAaJIeHa KOMIT IOTEPHOIO CHCTe-
MO0 00poOKH 300paskeHsb [5].

BuznaueHHs myxJiMH in Vivo 3aBXId OyIno
MPIOPUTETHUM, ajie HaMOIIBIIOro yCmixy Oyso
JOCSITHYTO Il BA3HAYEHHS KICTKOBUX METacTa-
3iB. [licis mepmux JOCHiIKEeHb 3 BUKOPUCTaH-
M Qocdopy (*2P) 1 kameuito (Ca), npopus
CTaBCs IMiCTIS 3aCTOCYBAHHS TaMMa-BUIIPOMIHIO-
I090T0 pagioHyKIiga cTpoHIito (Sr). Gynning
Ta KOJIETM BUKOPHUCTOBYBAJIM HOTO PaloHYKIi]
IUIsT BUSIBIICHHS MeTacTa3iB y xpeOti. Llemep-
KBICT TPOBOJIUB JIOCIIDKEHHS HOTO HAKOIH-
YEHHs y TAaIli€HTIB 3 1 0€3 MHUPOKOro IOIIH-
pPEHHSI 3JIOSKICHMX 3aXBOpIOBaHb CKeJeTa 3a
JIOTIOMOTOIO JIIYMJIbHUKA BCHOTO Tina. Y cepe-
JuHi 1960-X pokiB Oys10 3p00sIeHO KiJIbKa JI0TO0-
BiJIell PO MOXJIMBICTH BHUSBJICHHS METAcTa3iB
B KICTKax NpH cHUHTUrpadii Ha KijbKa MICALIB
pasiiie, HiX P 3BUYAHUX PEHTTEHOIOTTUHUX
MeTonax [5].

CporogHi CckaHyBaHHS KICTOK, abo ocre-
OCIMHTUTpadis, € HANMOIIMPEHIIIOw MpoIle-
Iyporo B simepHi MemuimHi. Haiimommumperinri
pagiodpapmaneBtiuuni npenaparu (POII), ski
BUKOPHUCTOBYIOThCS B IIi mporeaypi, e ¢oc-
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(aru, 6idochonaru abo moaiOHI areHTH, MiueH1
Tc, six 3anpononyBanu CyOpamaniad i Makadi B
1971 pomi [5].

CyuacHa JiarHOCTHUYHA MEIUIIMHA BCE aK-
TUBHIIIE pO3BHUBAa€ CHENU(IYHI METOau Mdia-
THOCTUKH JIsI BUSIBIIGHHSI TIATOJIOTIYHUX 3MiH B
KICTKOBI{ TKaHWHI. AJie HaBITh 3apa3 HEMAE J10-
CKOHAJIIIIIOTO METOLy Came JJIsi PAaHHBOTO BHSIB-
JICHHS 3allalibHUX TPOIECIB 1 METacTa3iB B CKe-
JIeT1, HK CIUHTUTPA]is KICTOK.

Anapamypa

3a MeauKo-(yHKI[IOHATEHUM TIPU3HAYCHHIM
PO3PI3HSIOTH IIAaHAPHI ramMa-KaMepH, OxHO(O-
TOHHI eMICIHI KOMIT IOTepHI ToMorpadu, IBO-
¢oroHH1 a00 MO3UTPOHHI eMiCiiHI ToMorpadu.

lama-kamepa, 1€ amaparypa MEIHYHOTO
MPU3HAYEHHS ISl PEeecTpalii MpoCTOPOBOTO
posnoniiny paaiodapMalieBTUIHOTO Tpenapary
OionoriuHomMy 00’ekti. B cknan rama-kamepu
BXOJIUTHh JICTEKTOP TaMa-TIPOMEHIB, EJIeKTPO-
HHO-OOYHCITIOBAIbHA CHCTEMa Il OOpOOKH Ta
30epeKeHHsT pe3ysIbTaTiB 00CTeKeHHs 1 Habop
komimMaropiB. [lo3UIIHO-UYTAUBUN JETEKTOP
MICTUTh CUMHTWISAIIHHUN KpUCTal, CBITIOAION
1 Oe3nocepesHbO MaTPUIIO (OTOETEKTPOHHUX
MMOMHOXKYBauiB. 3a3BHYail B CKJIAJi CIIMHTHUIIS-
[IHHOTO KPUCTATy BUKOPHCTOBYIOTH aKTHBOBA-
Hul Tamiem Homua Harpito (Nal), o 3a6e3neuye
BHUCOKY KOHBEpCIiHY €(DeKTUBHICTb (BIJHOLIECH-
HSl €Heprii raMMma-KBaHTa JI0 €Heprii CBITJIOBO-
ro cmnanaxy). Konu rama-kBaHT moTparuise Ha
MOBEPXHIO KpUCTady BiAOyBaeThCs MOro pos-
CIIOBaHHS 1 3BUIbHEHA EHEprisi MepeaaeThCs
Ha CBITJIOBiI ()OTOHM, IO BUIVISAAE SIK Cajiax
(CUMHTHIIALISA), SIKUM PEECTPYETHCS MaTPHIICIO
¢doroenexkTponHux nomMHoxysauiB (PEII). [lami
BiJIOYBAETHCS JUCKPUMIHAILIS IMITYIBCIB JIJIS Bi-
JTOKpeMJICHHs MOoTpiOHOT iH(popMarltii cepen 3a-
TTBHOTO CIIEKTPY BUIIPOMIHIOBAHb, YTBOPEHOTO
raMMa-KBaHTaMH pO3MaJy 130TOMNY, KBaHTAMH
KOMITOHIBCHKOTO PO3CitOBaHHS Ta (POHOBOTO BH-
MPOMiHIOBaHHA. IMITyNbCH, €HEPreTUYHUI CHUT-
HaJ SKUX BIAMOBiJAa€ 130TOMY, IO BHKOPHUCTO-
BY€ThCSI, (DIKCYIOTBCS Y KOOpPJIMHATHIN MaTpuiii,
BIATBOPIOIOYM MpPOCTOpoBUil posnoxain POIL VY
CYYacHHUX KJIiHIKaX OUTBLIICTh MpHUIIAAiB I pa-
TIOHYKJIITHOT JIarHOCTHKU CTAHOBJISITH TamMMa-
Kamepu pizHUX THmiB. CydacHi raMMma-KaMmepu
€ KOMIIJIEKCOM, IO CKJIaJaeThed 3 1-2 cucrem
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JETEKTOPIB BEJIUKOTO JIIaMeTpy, PyXOMOTro JoXa
JUIsL TIO3ULIOHYBAHHS Mall€HTa Ta KOMII IOTep-
HOT CHUCTEMHU JIJI1 HAaKOMUYEeHHS Ta 0OpOOKH 30-
OpaxeHsb [6].

OnnohoTOHHMI eMiCIHHUN KOMIT IOTepPHHIA
tomorpad (ODEKT), ue amapar nmpuszHaueHHH
JUTSL paJiOHYKIIIAHOI Bi3yami3allii, IpUHIMIT PO-
00TH SIKOTO TOJIATa€ B OTPUMYBaHHI cepii 1Bo-
BUMIpDHUX CIHMHTUTpa(iuHUX 300pa)KeHb IpH
oOepTaHHI OJHOrO, a00 MEKITBKOX JETEKTOPIB
HABKOJIO Ti1a namienTa. J1jist poOoTH BUKOPUCTO-
BYIOTh PIIOHYKIIIJl 3/aTHUH BHUIPOMIHIOBATH
OJIMH TaMa-KBaHT Ha oJiH po3mnaj. CaM IpUHLIHUIT
TOTOXKHIN 3BUYANHIN MUIaHAapHIA CIUHTUTpadii,
ane iHdopMallil0o OTPUMYIOTh B TPUBHUMIPHOMY
PEeXUMI, Y BUIVISIII MONEPEYHHUX MOMIAPOBUX TIe-
pepiziB marmienta. 3a monomororo ODPEKT Ta-
KO MOYKJIMBO OI[IHIOBAaTH JWHAMIYHI 1 CTaTHYHI
MATOJIOTIYHI 3MIHHM B TICBHIM JIIJISHII Tija (BUSB-
JSIFOTBhCS HABITh HE3HAYHI MOPYIICHHS) HA paH-
HIX CTaisX 3aXBOpIOBaHHS [7].

[To3uTpoHHUI eMICIHHUN  KOMIT FOTEpHUMA
tomorpad (I1ET), abo nBodhoToHHMIA emiciHHMIA
ToMorpad peectpye iHpopmaliio BiJ Mpouecy
aHITUIALIT elIeKTpoHa 1 MO3UTpOHA, TOOTO Yac-
TUHKUA Ta aHTHYacTUHKU. CIiJ 3ayBajkKUTH, LIO0
s (yskuionyBanHHs IIET-uenTpy HeoOXis-
HUN LIUKIOTPOH (71 OTPUMAHHS TTO3UTPOHBHU-
INPOMIHIOIOYHMX DPAJTIOHYKIIIIB), 010CHMHTE3aTOp
(IUT MITKH PI3HOMAHITHHUX CIOJYK PaTiOHYKIi-
JlaMH) 1 MO3UTPOHHUN eMiCIMHUNA ToMorpad Juis
MIPOBENICHHSI TOCIIKEeHb MaIlienTiB. Jlo ckmamy
MEIMYHOTO 3a0e3MeueHHs] BXOAUTh LUKIOTPOH,
SKUH BUPOOJISE YIBTPAKOPOTKOICHYIOU1 130TOIH
1 € oKpemMoro (Hi3UKO-XIMIYHOIO J1TA0OpaTOpIErO.
besnocepennbo cam ToMorpad ckiaiaeTbes 3 Ta-
KUX OCHOBHUX YaCTUH: MO3UTPOHHO-UYTIUBUN
JETEKTOp TaMa-KBaHTIB, CIEIiallbHE JIOXKeE,
cUCTeMa 3 CHHXPOHI30BaHMM KEpyBaHHSIM
KOMIT'FOTEPHOIO TIPOTPAMOI0 1 EJIEKTPOHHO-
009MCITIOBAaTLHUN OJIOK /11 OTpUMaHHs, 00p00-
KM Ta Bi3yamizamii paaiofsoriyHoi iHQopmarii.
[Mpunaranmu muist [IET € Taki pagioHyKmian, sk
drop-18, kucenn-15, Byrenp-11, azor-13, pyoi-
nin-82, ramiii-68 Ta in. HaliyacTime BUKOpHUCTO-
BYI0Th paaiopapmmnpenapar (POII) 18F-¢prop-
nesokcunmokosy (18F-®II) [8].

lonoBHOIO TIepeBaro pamgioOHYKIITHUX JI0-
CIIJPKEHb BUSBUWIACH caMe IX 3JaTHICTH BIiJO-
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Opakatu omHOYacHO (izionoriyHi Ta marodisio-
JIOT1YHI 3MiHHM, IO BiJOyBalOTbCS B OpraHizMi
[6]. Ane Oynu 1 meBHi Henmoniku. Hakanmb, Ha
BIIMIHY BiJI PEHTI'€HIBCHKOi KOMII IOTEPHOI TO-
morpadii (PKT) abo marniTHO-pe3oHaHCHOT TO-
morpadii (MPT), cuunturpadiunuii meron He
Ma€ BHCOKOI TPOCTOPOBOI PO3IITHHOI 34aTHOCTI,
TOMY, III0 TOJIOBHA METa TAKUX METOJIIB CaMe Bi-
nobpaxaru HakontmaeHHs: POII B nmeBHil moci-
JOKyBaHIi cuctemi, abo peecTpyBaTH AUHAMIKY
(hi310710T19HIX/010XIMIYHHX MPOIIECIB, IO MPO-
TIKQIOTh B OpraHi.

Haxanb, mo3uTpoHHO-eMiciHa TOoMorpadis,
IpU BCIX CBOIX (YHKIIOHAJIBHUX I€peBarax,
Ma€ HEYITKy aHaTOMO-Tonorpadiuny Jjokaji3a-
mito. Tomy, anst OUTbIIOl TOYHOCTI Oyl CKOH-
CTpYyHOBaHi 1 IUPOKO PO3NOBCIOAMINCH TaK 3Ba-
Hi «ruOpuHI» ycranoBku [9]. [loeqHanHs qBOX
PI3HUX 3a NPUHLMIOM OTPUMAaHHS 1HQoOpMarlii,
metroniB IIET i1 mm3ekomo3oBoi KT, ado IIET 1
MPT naroth mepeBary B TOUHOCTI aHATOMIYHOL
nokamizamii. TuM camMuM BIAJIOCh CIIOPIAHUTH
«(QyHKI10HATBHICTE» METOIB AAEPHOI MEIHUIIH-
HU 3 BHUCOKHM IPOCTOPOBUM JI03BOJIOM OCTaH-
Hix [10].

Paoioghapmayesmuuni npenapamu

Paniodapmmpemnapar ckiagaeTbes 3 ABOX OC-
HOBHHX KOMITOHEHTIB — 130TOII, a00 «Tpeicep» i
(hapMalleBTUYHA YaCTHUHA 3 MEBHOIO KIHETHKOIO.
Ha croromni Bigomo 6mu3bpko 80 pagioHyKIIi B,
SKi 3aCTOCOBYBAJHCS a00 BHUKOPHCTOBYIOTHCS
s onepxanHs POIL nis simepHOi MEeIUIIMHM,
OJTHAK TPAaKTUYHE 3HAYEHHS AJS Pajioi3oTorn-
HOI J1arHOCTHKHU 3 HUX 30eperiy Ha ChOTOJHI
Pm_rexnerii, !'23-fiom, 'M-immii, sSki 3a CBOI-
MU (I3UYHUMH, XIMIYHUMH Ta O10JOTIYHUMH
BJIACTMBOCTSMU BH3HAHI ONTHUMAJIbHUMHU IS
MPOBECHHS OMHOMOTOHHHUX  CIMHTHTpadiid.
OdiuiitHo pagiodapMaleBTUYHUNA TpenapaT BU-
3HAYA€ThCA SK XIMiUHA CIIONYKa, [0 JO3BOJICHA
1 IpU3HAYeHa JJIs BBEICHHS B OPTaHI3M JIFOIM-
Hi 3 J1IarHOCTUYHO a00 JIIKYyBaJbHOK METOH i
MICTHTD y CBOiii MOJIEKYJli IEBHUI Pajli0aKTUB-
Hul Hykiaia. 3acrocyBanHs POII moxiuBe nuiie
3a IOTPUMAaHHS HU3KW BUMOT, sIKi 3a0€3Me4yI0Th
Oesreky maiieHTa, €(QEeKTUBHICTh peecTpartii
BHUIIPOMIHIOBaHHS CIICIIIBHOI amapaTyporo Ta
J1arHOCTUYHO-3HaYMMO1  iHdopmarltii. OnTu-
MaJbHUM JJS SACPHOT MENUIUHU, 3 TOTISALY
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Ha pajialiiiHy 6e3MeKy, € BAKOPUCTAaHHS KOPOT-
KO)KMBYYUX TraMMa-BUIIPOMIHIOIOUMX 130TOIIIB.
3 HUX Ha3pyuYHIIIMMHU BHU3HAHI T'€HEPATOPHI
HYKJIIZHM, SKI MalOTh KOPOTKHWA TEpiof >KUTTA
(KOPOTKOXKHMBYYi) 1 YTBOPIOIOTHCS 3 130TOIIB 13
TPUBAJIUM IIEPIOIOM HaIiBpO3Maay, MOMIIIEHUX
y crelianbHuil TreHepaTop. IXHsA KOHCTpyKIlis
Jla€ MOKJIUBICTh TPAHCTIOPTYBAHHS Ha BEJHUKI
B1JICTaHI 3 IOJIAJILIITUM OTPUMAHHSM JOYIPHHOTO
HYKJIiy Oe3mocepeHbo B Jaboparopii giaraoc-
THYHOIO BITIJICHHS.

Bnepmie cruHTHrpadiuHe  IOCTIIKEHHS
KicTOK Oyno mpoBezneHo B 1961 p. 3 crpoHuiem
85 (¥Sr), sikuii, Oymyun anamorom Ca2+, 3mar-
HUI HAKONIWYYBaTHUCS B KICTKOBIM TKaHMUHI LUIS-
XOM 10HHOTO 00MiHy. Y 60-70 pokax XX cropiu-
4sy ISl CHMHTUTpadii KiCTOK BUKOPUCTOBYBAJIH
47Ca 1 ¥'mSr, mpore mUpoKe iX 3acTOCYBaHHS
00MEKyBaIOCS] HU3BKOIO SIKICTIO CLIMHTH-300pa-
KEHb 1 3HaYHUM IMPOMEHEBUM HaBaHTAKECHHIM
Ha mamienTiB. Curyarlis 3MiHWIACS Ha Kpalie B
1971 poui, konu Subramanian 1 McAfee 3ampo-
IIOHYBAJIM BUKOPHCTOBYBAaTH Ul OCTEOCLUH-
turpadii ¢ocdarni komruieken wmiveni PmTc.
VY KiCTKOBIH TKaHUHI CHIOIYKH "™ T¢ 3B’ SI3yIOTh-
Cs 3 KpUCTaJaMH T1IPOKCIaaTUTy Ta HE3PUIUM
KOJIareHOM. 3aB/ISIKM IHTEHCUBHOMY HaKOIMYEH-
Hi0 1IuX POII y KicTKax 1 MIBUIKOMY BHBEICHHIO
1HAMKATOpa HUPKAMHU OTPUMYETHCS ONTHMAJIb-
HE CIIBBiJIHOIIEHHS PaJi0aKTUBHOCTI «KiCTKH/
don» [8].

B Vkpaini Hail0inbIIOr0 BU3HAHHS JiCTaB
Pm_rexnenin (*™Tc), o Mae qocTaTHIi MOHO-
€HEePreTUYHUH CIIEKTP TaMMa-BHIIPOMiHIOBAaHHS
(140 xeB), 3py4ynuii 1isi KJIIHIYHOTO BHMKOpPHU-
CTaHHS, €TIOI0ETHCS 3 TPAHCIIOPTHOTO MOJIiOIe-
HOBOT'O T'€HEPaTOpa, JIETKO YTBOPIOE KOMILIEKCH
3 TPOIIHUMH 10 TIEBHUX TKaHUH XIMIYHUMHU CIIO-
JyKaMH, Ma€ KOPOTKMH MepioJ]] HamiBpO3Maiy,
10 JI03BOJISIE MIHIMI3yBaTH NPOMEHEBE HaBaH-
Ta)XCHHS Ha TAalli€eHTa. 3a3BUYail 3aCTOCOBYIOThH
KomIuiekcH *°mTc, ski MaloTh Ty 4M 1HIILY Opra-
HoTponHicTk. [IpuroryBanus P®II 3a nomomo-
TOI0 CHEIiaJIbHUX peareHTiB, po3(acoBaHUX y
¢rakoHu, HalvacTime OOMEXYEThCS MPOCTUM
3MIIIYBaHHIM pEareHTy Ta 30aradeHoro TexHe-
I[I€EM PO3YUHY.

P®II 3 hocharamu, ki 1omani 10 TEXHEITIIO,
HAKOIMUYYIOYMCh B OCTEOONACTHUX IUISHKAX
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py#HaIlii, M03BOJSIOTH Bi3yali3yBaTH KiCTKOBI
MeTacTa3!u Ta MEePBUHHI MyXJIMHHU KICTOK Ha paH-
Hil cTafii IX pO3BUTKY SIK «TinepQikcaritoy mpe-
napaty. *"Tc-pocdaru (https:/www.polatom.
pl/wp-content/uploads/2021/07/2018.04.12.-
PoltechMDP-SPCh-1.pdf) micng BHyTpilIHBO-
BEHHOTO BBEJICHHS, IBUJIKO BUBOJSATHCS 3 KPOBI
1 HaKOTIMYYIOThCS, TOJIOBHUM YUHOM, B KiCTKO-
Bill CHCTEMi 3aBISKH peakilis i0HHOTO OOMiHY,
10 IPU3BOIUTH 10 WOT0 aacopOIii KiCTKOBUM
MarpukcoMm [11]. Takum 4uHOM, AUISTHKHA ypa-
JKEHHSI KICTOK (TIEpBHHHI IMyXJIMHH, METACTa3H,
TPIIUHY, TIEPEIIOMHU 1 BOTHHUIIA 3aIlaJICHHS ) Ma-
I0Th OUIBII BHUCOKY CHOpiIHEHICTh 10 ¢ocdar-
HUX 3’€HaHb 1 Kpamie Bizyamizytorbcs. [Ipu
BUKOpPHCTaHHI MideHux °™Tc ocTeoTponHux
POII BizyalizyroTbcs TaKOXK HUPKU Ta CEUOBHM
Mixyp, OCKUTbKH 10 40% LUX CTOTYK BUBOASITH-
Csl 3 OpraHi3My HUpPKaMu. 3HAYHO MEHIIA KOTro
KUTBKICTB 3B’S3y€ThCS 3 OUTKaMU TUIa3MHU KpOBI,
110 3a0e3Meuye HU3bKUM pIBEHb PaIl0aKTUBHOC-
Ti Bchoro Tina [12]. [licas BHYTpIIIHBOBEHHOTO
BBeneHHS 99mTc-MDP enmiminyetbest 3 KpoBo-
TOKy 3a 3 eramu: (a3a HIBUAKOTO BUBEICHHS,
T1/2=3,5 xB; ¢a3za MOMIpHOTO BHUBEICHHS,
T1/2 = 27 xB; ¢a3a MOBIILHOTO BUBEACHHS,
T1/2 =144 xs. Ilig yac ¢a3u MBUIKOTO BH-
BeZieHHs. 99mTc-MDP BuBoauthes 3 KpoBOTO-
Ky B Mo3acyaMHHUH mpoctip. da3a moMipHOTo
BHBEJICHHS €KBIBJICHTHA TIPOIECY MMOTTMHAHHS
npenapary B kictkax. [lin yac ¢a3u noBuibHO-
rO BUBEACHHS Bi0yBaeThCs aucoriaris 99mTc-
MDP, nos’si3anoro 3 Oinkamu TiasMu. Yepes
1-2 roauH micns BBEICHHs, OTJIMHAHHS MTpena-
pary B KiCTKaxX, AOCSTa€ MaKCUMAaJIbHOTO PiBHS
1 3aJTMIIAETHCS MOCTIHHUM MPOTATOM HACTYITHHX
60 rox. [13].

PiBenp HakomuyeHHs ocreorponHux POII
3aJIeKUTh BiJl METaOOIIYHOI aKTHUBHICTh KICTKH
1 HiJIBUIIICHE HAKOIIMYEHHS BiA3HAYAETHCS B [Ii-
JITHKaxX 13 BHCOKOIO OCTEOOJACTUYHOIO aKTHUB-
HICTIO, a 116 MOXKe OyTH TpaBMH, IyXJIUHH, 3a-
najgeHHs Tomo. [leBHe 3HaYeHHS Ma€ CTYINEHb
KPOBOTOKY B KICTKOBIM TKaHHHI, OCKIJIBKH CaMe
BiJl HHOTO 3aJICKUTh HagxoMkeHHs PDII, tomy
B JIUISTHKaX 3HIKEHOTO KPOBOMOCTAYaHHS MOXeE
CHIOCTEpIraTuch Je(PEeKT HAKOMHUYEHHS 1HAHMKA-
TOpa, a B 30HAX TiNepBacKyiALii BiOyBaeTbcs
rinepdikcarist GpocdarHux KomIuiekcis. Bee 1e
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MOYKE CTaTH MPUYUHOIO OTPUMAHHS XHOHOTIO3H-
TUBHUX a00 XUOHOHETAaTUBHUX PE3yJIbTaTiB [7].

Jlnst 1OCTOBIpHOCTI OTPUMAaHHMX pe3yJibTa-
TiB HEOOX1THO JOTPUMYBAaTHUCh TEXHOJOTIYHUX
ymoB npurotyBanHsi PDII 3 Texueniit-pocdar-
HOIO CIIONyKO0. B mporieci BaXIUBO HE JOMY-
CTUTH TIOTIAJIaHHA NOBITPs Y (JIAKOH, OCKIUIBKH
B PE3yJbTaTi OKUCICHHS KMCHEM TEXHEIIIO I0-
PYIIYETHhCS KOMILIEKCOTBOpeHH. Henorpuman-
Hs npaBwil ipuroryBanHsa POII moxe npusectn
no pyiiHyBaHHS QocdarHux KoMmIuiekciB *mTc
BHACJIJIOK TIOJOBKECHHS TEPIoly MK MPUTOTY-
BaHHIM 1HJIMKATOpa Ta 1H EKINEFO, IO CYIPOBO-
JUKY€EThCS BUIUICHHSIM BUIHLHOTO TIEPTEXHETATY,
KU, Y CBOIO 4Yepry, HAaKOMHUYYETHCS Y IIUTO-
BUJIHIN 321031 Ta IUTYHKOBO-KUIIKOBOMY TpaK-
Ti [14].

Taxox, roToBuii 10 3acrocyBanns POII ciix
BUKOPUCTOBYBATU TPOTATOM 4-5 TOIWH MiCIs
MPUTOTYBAHHS, TOMY, IO KPIM pO3Majay TeXHe-
misi, BimOyBaeTbesi 1 pyiHyBaHHA (hochaTHUX
CIIOJTYK, III0 POOHTH JTOCIIPKEHHS 3 HUIM HEMOX-
nuBuM [14].

Ymoeu ma memoouxa npoeeoenns

Jlns mposeneHHs octeocuuHTUrpadii He-
Mae ToTpeOr B OCOOJMBIM MIATOTOBIII IMAIli€H-
Ta ab0 MpOBENEHH] JOJATKOBUX JTabOPaTOpHUX
aHami3iB, BHHATOK ckiagaroTs juie IIET mo-
ciipkenus 3 18F-OITI. [Ipu 3BuuaitHomy pai-
OHYKJIITHOMY JIOCII/DKEHHI KiCTKOBOI CHCTEMU
3aCTOCOBYIOTH JBa PEKHMH OTPHUMAaHHS iH(pOp-
Malii: IUIaHapHUI Ta MpU HEOOX1AHOCTI — MpH-
uimpHud. HalGinemry miarHocTruHy iH(MOpMa-
[0 TPH PaTIOHYKIIAHUX TOCTIHKEHHI KiCTOK
MOKHA OTPHUMATH MpPH BUKOHAHHI TPbhOX(ha3HOi
cunturpadii. Ilepma ¢aza — cragis OIIHKU
KpPOBOTOKY. JlOCHTI)KEHHsSI MOYHUHAIOTH OIpa3zy
3a BHYTPIIIHbOBEHHUM BBeZieHHAM POII, mes-
HOI aKTHBHOCTI. J[eTekTop ramMmMa-kKaMepu po3-
TaIlOBYIOTh HABIPOTH IUISHKHU JTOCIIJDKCHHS 1
MPOBOMIATH TWHAMIYHHK 3amuc mpotsrom 60 ce-
kyuza. [lix gac apyroi ¢ga3u mpoBOASITH OIIHKY
KpOBOTIOCTauaHHs. 3a 2-3 TroAuHu, HeOOX1THUX
JUIsL TIOBHOITIHHOTO HakonudeHHs1 PDII, mposo-
JISATh TPeTIO a3y AOCIIHKEHHS, Oe3M0CepeIHBO
cTaTu4Hy octeocuuHTurpadiro. CydacHi ram-
Ma-KaMepu 3a3BUYall OCHAIEHI PEeXHUMOM CKa-
HyBaHHS Bcboro Tina «Whole body scanning,
3a JJOMOMOTOIO SIKOTO OTPUMYIOTh LUTICHUN CKaH
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CKeJIeTa, IMCIII YOro BHUKOHYIOTH CEpPIl0 TpH-
IUTBHUX JTOCIIHKCHb MEBHUX IJISHOK CKEJIETY
B mepeaHil 1 3aaHii npoekuisx. Ciia 3a3Ha4u-
TH, 110 Tpu(azHa CUUHTUTpadis KICTOK MPOBO-
JUTHCS TIEPEBAKHO IS TIarHOCTUKHU 3arajbHUX
MIPOIIECIiB B KiCTKaX, a00 MpU CYAMHHUX ITyXJIU-
Hax. [Ipu mio3pi Ha 3JI0SKICHI HOBOYTBOPEHHS
9l METAaCTaTHYHUH Mpolec B KICTKaX, MOXHA
OOMEKHUTHCS JIUIIE CTaTUIHUMHM JIOCIIIIKSHHS-
mu [15].

ITIpu TIET 3 18F-®I' icHytoTh 0coOIMBI
YMOBH MIArOTOBKU. He citif BKUBaTH MEBHY 1KY
Ta Haroi, He CIIiJ] XBIJIIOBATUCS a TAKOXK 3aiima-
TUCS (I3UYHUMH BIIPAaBaMU 3a KiJbKa TOAWH 0
JOCIIKCHHS, OCKIJIBKU 11€ MOXKE BIUTMHYTH Ha
piBEHb CIIOKMBaHHS T4 HAKOMMYEHHS TIIOKO3U.
Takox Oe3mocepeqHbO Tepe IOCIiIHKESHHIM
BHUMIPIOETHCS piBEHB TIIIOKO3H B KPoBi [16].

Inmepnpemauia ompumanux pesynromamie

[Ipu pocmipkeHHI MaIi€eHTiB 0e3 KiCTKOBO-
IO YpaXeHHsI BI3yali3ylOThCS TMPAKTHYHO BCi
KICTKH B MeEXax MOXIJIMBOCTEeH amaparypu. €
PI3HHULIA B PiBHI HAKOIMYEHHS Mpenapary B KiCT-
Kax CKeleTa y MiTeH, MiJUIITKIB Ta JOPOCIUX:
BMICT Mpenapary y 30HaX pocTy BHILUH y IiTei
1 oci6 momozoro Biky. HakomuueHHsi mpemnapa-
Ty B 3WICHYBAaHHSX 1 Cyro0ax y 3BOPOTHOMY
TOPSIZIKY PO3MOAUIAETHCS HACTYITHAM YHHOM:
KPUKOBO-KJIyOOBI CIIOJYYEHHSI, KOJNIHHI, KYJlb-
IIOBI, IJIEYOB1, TOMIJKOBOCTOITHI Ta MPOMEHE-
BO-3aIT’ICTKOBI cyroOu. B Hopwmi BMmicT Tmipe-
napary B CUMETPUYHHUX 30HaX MapHUX KICTOK
Bipi3HAEeThCA aumie Ha 15-20%. Jlemo Oinbin
aKTUBHE, aj€ CUMETpU4YHEe HakonudeHHs POII
BI/I3HAYAE€TbCA B  AKPOMIalbHO-KIIFOUYMYHUX,
TPYAUHO-KIIOUNYHHX, 31yXBUHHO-KPHKOBHX 1
KICTKOBO-XPSIIIOBUX 3YJICHYBAaHHSX, & TAKOXK Y
npoekuisx jgonarok. [Ipu BisyampHOMY aHami3i
CIIMHTHTPAM OIlIHIOIOTh HAKOIMYCHHS Ipera-
pary B CUMETPUYHUX 30HAX MAapHUX KICTOK 1 B
AHAJIOTIYHUX XPEOIIIX, Ha OCHOBI YOTO BH3HAYa-
10Th (paKT HASBHOCTI BOTHMINIEBOI 1MaTOJIOT1i, JIO-
Kalli3allilo mpouecy, KUTbKICTh 1 pO3MipH BOTHUIIL
ypaxeHHs. Xo4a JIesKi aBTOpH PEKOMEHIYIOTh
BU3HauaTH juie caMm ¢akT rinepdikcarii, Bce
K TaKd MPpU KOMI FOTEpHii 00poO1Ii CIMHTUTpa-
(GiYHMX JaHUX HEOOXIJHO MOPIBHIOBATH Y Bij-
COTKax HAKONHWYEHHS TMpernapary B CHMETPHY-
HUX 30HaX IMApHUX KICTOK a00 B xpeoix [17].
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Bincorox mHakommmuenus PDII 3anexurs Bin
AKTUBHOCTI pereHepanii KICTKOBOI TKaHHHH.
[Tpu cumaTHrpadii ckeneTa ciijg MaTH Ha yBasi,
10, SIK BUITQJIKOBA 3HAX1JKa, MOXKE BiIOyBaTHCS
mudys3He nocuieHHs HakonuueHHs POII B gi-
JISTHIIL TPYIHOT KIIITKY Ha paHHIX TePMiHaX MiCIs
nepeHeceHoi MactektoMmii. Ha Bimmanenux era-
nax Iiclist XipypridyHoro JiKyBaHHS paKy MOJIOY-
HOI 3aJI031 MOX€ CIIOCTEpiraTucs NoMipHa Tirno-
dikcallis 3 KOHTpaJlaTepaabHOr0 OOKY TPYIHOT
KJIITKH, BHACIIJIOK €KpaHyBaHHs Ili€l oOyacTi
30epeKEHOI0 MOJIOYHOK 3a03010. [lixBuiieH-
Hsl HakonuyeHHs1 octeoTpornHoro POII na 40%
1 OutbIe, po3mipamu 1,5-2 ¢M 1 OuIbIIe, TIOPIB-
HSHO 3 CUMETPHUYHOIO JIISTHKOIO MapHOi KiCTKH,
Ma€ pO3LIHIOBATUCH SIK MaronoriyHi 3minu. I1ig-
BulieHHs1 HakonrueHHs1 POIT y xpebui Ha 30% 1
OispIIIe, TOPIBHIHO 3 PO3TAIIOBAHUM TOPYY, Ta-
KOX PO3IIHIOETHCS K HASBHICTH MATOJIOTIYHOTO
poIIeCy.

Skmo pi3HMIS B HAKOMHYEHHI Ipernapary
MEHIIIA BiJl 3a3HA4Ye€HOi, HASBHICTh IIATOJIOTII
cymHiBHa [15]. XWOHOMO3WTHBHI pPeE3yabTaTH
cuuHTUTpadii KICTOK MOXYTh OyTH TMpU HEIO-
TPUMaHHI TEXHOJIOTI{ TOCIIIKeHHSI, HAITPUKJIA],
HEpiBHE YKJIaJaHHS MAIlieHTa, KO HAKOMIUYCH-
Hs POII kny6oBUMHU 200 1HITMMU KiCTKAMH BU-
IS 1a€ HECUMETPUYHUM 1 MOXKe OyTH PO3IIHEHE
K TIaTOJIOTiYHe, a00 3aTpUMKa cedi B HUPKOBUX
MUCKaX, KOJIM iX 300pakKeHHsI HaKJIAJIa€ThCs Ha
IIPOEKIIII0 HIDKHIX pedep 1 BUmsigae sk ix ypa-
KCHHSI, MOXKE CTaTUCS 3a0pyJTHCHHS OJIATY Ta-
IIIEHTa PaJl0aKTUBHOIO cedero. «Expanyrouniiy
eexT BiJ MAacCHMBHHUX METAJIECBUX aKcecyapiB
OJISITY MOXe OyTH PO3I[IHEHH K BOTHUILIE T1I0-
¢ikcarii, imiTauis acCUMETPUYHOCTI PO3MOALILY
POII y rpyasii KIiTHI MOXYTh CIIPOBOKYBaTH
MPOTE3U MOJIOYHOT 3am03u. OKpeMuit po3in, e
KICTKM 4epera, KON 3amajbHi 3aXBOPIOBAHHS
3y0iB MOXKYTh BHIVISIIATH SIK OCEPEIKH ITiIBUTIIC-
Horo HakonuueHHs1 POII y HuxkHIN Ta BepxHIi
niesienax 1 akTUBHI CHHYCUTH MOXYTb 11eHTU]I-
KyBaTHUCh SIK MIJBUILEHE BKIIOUEHHS Mpenapary
B JIOOOBil a00 BepXHBOIICNICNHIN KicTii. [Ipn
OIIIHIII CIMHTUTpAM AITEH CIiJ 1mam’siTaTd Mpo
nocuiiene BriroueHHs: POII 1o 30Hu pocty Kic-
TOK, [0 BUINIAJIAE K JUISTHKY Tinepdikcartii, ane
BOHHU Oy/lyTh aHATOMIYHO CUMETPUYHI 1 3 OJlHa-
KOBUM B1JICOTKOM BKJIHOUCHHS [18].
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Ocmeocyunmuzpagia

npu MEMACMAMUYHUX YPAIHCEHHAX

Maroun BUCOKHI CTYNE€Hb YyTIMBOCTI OCTe-
OoCUMHTHUTrpadist BKIIIOYEHA 10 6ararb0X OHKOJIO-
TYHUX TPOTOKOJIB OOCTEeXKEHHS 1 HaiyacTimie
BUKOPHCTOBYETHCSl JUISI BUSIBIIGHHS MeETacTa-
31B 3JI0SKICHUX NYXJIMH y KICTKH. Meracrazu
B KICTKH € OJTHUMH 13 HalMOIIMPEHIIINX JIoKa-
Ji3aIiii BTOPMHHOTO PO3MOBCIOKEHHS IITHPO-
KOTO CIEKTpa CONIJHUX MYXJHH, BKJIIOYAIOUU
JieTeHi, TPyaHy 3alio3y, MepeAMiXypOoBy 3103y,
IIMTOBUJIHY 3aJ103y, MEJIaHOMY, TI'i1HEKOJOIiy-
HUN Ta KONOPEKTANbHUHN pak, MyXJIMHU IUTyH-
KOBO-KHILIKOBOTO TPaKTy, IMyXJHMHHU TOJIOBH Ta
i [19]. [Ipu npomy yactora METacTaTUYHOTO
YpaKE€HHS KICTKOBOT CUCTEMU IPHU PaKy TPyaHOL
3aso3u (PI'3) Ha pi3HUX eTamax 3aXBOPIOBAHHS
KOJIUBAETHCS B Mexkax 47—85%, mepeamixypoBoi
3ano3u (PI13) — 33—-85%, nereni — 30-60% [20],
Hupku — 33-40% [21], muMTOBHMAHOI 3251034
(PII3) — 28-60% [22]. Onnak y 6mu3bko 30%
MALI€HTIB BUABIISIOTH BOTHHUILEB] 3MIHU B KICT-
Kax HEBIJJOMOTO MOXO/PKEHHsI, KOJJM Ha MOMEHT
BCTAHOBJICHHS J1arHO3y Xapakrep 1 JIoKaji3a-
III0 TIEPBUHHOTO HOBOYTBOPEHHS HEMOXIIUBO
imeHTU}iKyBaTH, HE3BAKAIOUH Ha OOCTEKEHHS,
BIJIMOBIAHI J1a00paTOpHI JOCIHIIKEHHS Ta Cy-
yacHl TexHosorii Bizyamizamii. HeobxinHo Ta-
KOXK BpaxyBaTH, II0 METacTa3u MyXJUH B KICT-
KOBY TKaHUHY OyBalOTh JIBOX OCHOBHHX THIIIB
3a KJIIITHHHOIO Tu(epeHIlialiero — OCTCONMTHYHI
(6inmpIIicTh), oOcTeoOMacTUYHI 1 3MimIaHi. Tak me-
TacTa3! paKy MOJIOYHOI 3aJ103U B ckeneTy 82,7%
ocreomituuni, B 11,4% — ocTeobmacTHuHi Ta
3Mimani y 5,9%. binemiicTs MeTacTasiB paxy Jje-
TeHI HOCUTh OCTEONITHYHUHN XapakTtep — 81,9%
1 e y 3,5% — ocTeobIacTUYHUM, MeTacTasu
paxy mepeaMixypoBoOi 3aJ103H B OCHOBHOMY OC-
teobnmactuyHi. KicTkoBI Meracrasu 3a3BHYaid
CYIIPOBO/IXKYIOThCSl MIJABUIIEHHAM OcCTeobac-
TUYECKON aKTHBHOCTI 1 Bi3yali3ylOTbCs SIK 30HU
migBuineHoro Hakormudends POII. 3 ixmoro
60Ky, y 3-5% mnamieHTtiB npu peHrtrenorpadii,
KT a6o MPT meTacTa3u MOXyTh BUSBISTHCH Ha
TJII HOPMAJIbHOI OCTEOCHUHTUTPAdIYHOT KapTH-
HU [23]. 3a CBITOBOKO CTAaTUCTHKOIO MPHOIH3HO
90% Metacrta3iB — MHOKHHHI. HaliuacTitie BoHH
3ycTpidaroThes y xpeoti (39%), pebpax ta rpy-
nuHi (28%), nemio piame —y kictkax tasy (12%),
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yeperni Ta Tpyouactux Kictkax (mo 10%). Takox
JUTST BTOPUHHOTO ypa)kKeHHS KICTOK XapakTepHa
JIOKadi3amisi B MPOKCHUMAJIbHUX BiJJIiaxX KiCT-
ku. [ToomuHoki Boramma rinepdikcamii PDII
B KICTKaX, BUSIBIICHI y TMAI[i€HTIB 13 BCTaHOBJIE-
HUX TYXJIMHHUAM J11arHO30M, MiATBEPKYIOTHCS
K MetacTtasu Oinbm HIX Yy 50% Bunanxkis. [Ipu
JIOKali3alii Takoro BOTHUIIA y pedpax 37osKic-
HICTh ypaXKeHHs Bii3HavaeThes nume y 10-17%
obcrexxeHnx xBopuX. OCHOBHUMHU MPUYHHAMU
BUSIBJICHHS ITOOJMHOKHMX BOTHHII ITiIBHIIEHOTO
HAKOTIMYCHHS B peOpax MOXKYTh OyTH MepeIoMH
octanHiX (40%) abo HacIi 1K1 MPOMEHEBOI Tepa-
mii (27%). Binokpemiienuit ocepeok BKIIIOYEH-
Hs1 POII y xicTku uepena Mmoxke OyT BTOPUHHUM
ypaxkeHHsM nuiie y 20% BUmakis.

[Ipu akTMBHOMY MeTacTa3yBaHHI MOXE BH-
3HAYaTHCh 3MBHE, ane piBHOMipHe [23] minBu-
nienns ¢ikcarii POII B kicTkoBiii TkanuHi. e
(eHOMEH OTpUMaB Ha3By «CyNEpCKaH» 1 Ipu
IIbOMY XapaKTepHa BIJICYTHICTh M IKOTKaHUHHO1
Ta HUPKOBOI aKTUBHOCTI, a KICTKA aKTHBHO BH-
3HAYAIOThCS OJ[pa3y IiCIsi BHYTPIIIHHOBEHHOTO
BBeneHHs POII. Taka xkapTuHa 4acto 3ycTpiva-
€ThCSI TPU 3JIOAKICHOMY YpaKEHHI TMepeami-
XypOBOi 3aJI03M, KOJIM BOTHMIIA Trinepdikcarii
JIOKAITi3yIOThCS B TA30BUX KICTKaX ab0 XpeOIsx.
[Tpu nimdomi xapakTepHa JOKami3alis B XpeoTi
abo B rpyauHi, 1 aHAJIOTIYHO MIPU PaKy MOJIOY-
HOT 31103 1 JiereHb [24]. B HacmioK 3HMKCH-
HS OCTE00JIaCTUYHOI aKTUBHOCTI B 2% BUITAIKIB
BUSIBJICHI METACTaTUYH1 Ypa)kK€HHS BU3HAYAIOTh-
cs AK ocepenku Tinmodikcarii, mo HalvacTimre
3yCTPIYA€ThCS MIPU PaKy HHUPOK a00 MEITaHOMI.
OCOOIHBICTIO € T€, 110 B OJHOIO 1 TOrO K CaMo-
IO Malli€HTa MOXE OJJHOYACHO BUSBIISITUCH SIK Ji-
JISTHKY Tinepdikcarii, Tak i 1e()eKTH HaKOMTUYEeH-
H$l, 110 MOXKE CBITYUTH MPO 3MIIIAHUN XapaKTep
METACTaTUYHOTO YpPa)XCHHS, a HE TEPEBaYKHO
nmiTiaHul abo OnactHui. Takoxx HEOOXiqHO Bpa-
XOBYBATH, 1110 B 3aJI€KHOCTI B1Jl aKTUBHOCTI IPO-
necy abo JIKyBaHHS B TMHAMIIl 3aXBOPIOBAHHS
iHTeHCcHUBHICTh HakormueHHs POIT y meTacrazax
MOXKE 3MIHIOBaTHCh [25], 1 32 UM HEOOXigHO
CITOCTEpIraTHy.

OruiHka epeKTUBHOCTI IPOMEHEBOT Ta XiMi-
oTepamnii MeTacTasiB y KICTKU Ta YpaXeHb CKe-
JeTa TPYHTYEThCS Ha TOPIBHSJIBHOMY aHami3i
PEe3YJIBTaTIB MEPBUHHOTO Ta MOAAIBIINX JOCIHTI-
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okeHb 3 POIT mivenumu “mTc. Binpa3sy micis
MIPOMEHEBOT0 JIIKyBaHHS HAKOMWYEHHS Ipera-
paTy B 30HI ypaKCHHS MOXKE€ 301IBIITUTUCS, TTO-
TIM 3HIDKYEThCS 1 yepe3 3-6 MicsIiB HopMaTi-
3yE€ThCS, HaJlalll MOXKE CTIIOCTEpIraTucs 3HIKEHE
HakonmueHHs P®II B oOmacti maTojoriyHOro
BOTHUIIIA MMOPIBHSAHO 3 CAMETPUYHOIO AUITHKOIO
3I0pOBOi KICTKH 200 HEONIPOMiHEHUMH XpeOIs-
mu [10].

Ha »xanb, neil BUCOKOUYTJIMBUU METOJ HE
Ma€e a0COMIOTHOI CHEIU(IYHOCTI TPU OHKOJIO-
TYHUX YPaXEHHSX, OCKUIBKH MOCHIIEHA aKyMy-
nsitis octeorpornHux POI B KicTKOBIM TKaHUHI
MOJKE€ CIOCTEpIraTucsi TakoX MpU TpaBMax, OC-
TEOMIENITI Ta AEIKUX 1HIIMX 3aXBOPIOBAHHSX.
AJie, MOXHa MiABUIIUTH 11aTHOCTUYHY TOYHICTh
OCTEOCHMHTUTpadii MpU BUKOHAHHI B PEXKHUMI
O®EKT i IIET, ocoGnuBo mpu aiarHOCTYyBaHHI
MeTacTasiB y xpebet. Kpim Toro, crierudiuHicTs
BUSIBJICHHS 3JIOSKICHUX HOBOYTBOPEHBb KIiCTOK
30UTBIIY€ETHCSl TIPU TOE€THAHHI CHUHTHTpadid-
HUX Ta PEHTICHOJIOTIYHUX METOIUK, 0COOINBO
O®EKT/KT 1 IIET/KT [26].

Ocmeocyunmuzpadghia npu mpagmax

ONOPHO-PYX06020 anapamy

JlocuTh pO3MOBCIOMKEHOI0 MPUYUHOIO M-
BullieHoro HakomuueHHsi POII y kicTkax BH-
CTylae TpaBMAaTUYHE YpakeHHs. MacuBHI
YCKJIQZHEHI TEpeIOMH MOXYTh BH3HAYATHCA
rinepdikcariero POII npoTsirom QeKkimbKoX po-
kiB. KommnpeciiiHi nepeaoMu Ha CUUHTUTpamax 3
BHUCOKHM PO3PIILIEHHSAM MalOTh BUIIS JIIHIHHO-
ro o0igka migBuIeHoro BkiIroueHHsS PDII [27].
Jlnst mudbepeHITiiHOT 11arHOCTUKY 3 METacTaTHy-
HUM Yypa)XeHHSM BPaXOBYETHhCS aHAMHE3 (HasB-
HICTh OHKOJIOT1YHOTO 3aXBOPIOBaHHS a00 TpaB-
Ma), (popma BOTHMIIA 1 XapaKTep HAKOMMYCHHS
B HboMY. [Ipu TpaBMarmuHOMY ypakeHHI BOT-
HUILE Ma€e OKpyrty (opMmy, NEBHY JiHIHHICTB,
CUMETPHYHICTh, CIIBMNAJIHHA 3 JIOKATi3ali€lo
OTPUMAaHOI TPaBMH 1 OLIHIOETbCSA Yac il OTpH-
ManHs [28]. Takox 1y1st mepeoMiB pedep xapak-
TepHa JIiHIAHA JIOKaJi3allis 30H YIIKOKEHHS Ta
piBHI TOHKI OOITKH TMOCHJICHOTO HAKOITMYCHHS
P®IT [28]. 3acTocyBanHs ocTeocuuHTHTpadii
MIPH TPaBMax JI03BOJISI€ BU3HAUNUTH YCKIIAHEHHS
IIPU aTUIIOBOMY 3arO€HHI MEPEIOMiB KiCTOK, BU-
SBJICHHS 30HU 1epeOy10BH KiCTKOBOI TKAaHHHU 1
KOHTPOJIIOBATH MPOLEC JIIKYBaHHS.
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Ocmeocyunmuzpagin

npu 0ezenepamugHo-oucmpopiunux,

3ananbHux i CHCIEMHUX YPAIHCEHHAX

KicmKoeoi cucmemu

JlerenepatuBHO-IUCTPO(dIUHI TPOIECH B
KICTKaX 1 Cyrmo0ax TakoX MPOSBISIOTHCS HECTIe-
U IYHIM T1ABUILIEHHSM HaKommuueHHs docdat-
HUX KoMIulekciB MTc. B Takux BUIagKax, s
BCTAHOBJICHHSI OCTaTOYHOTO JIiarHO3y, BPaxoBy-
€ThCS aHAMHE3, XapaKTepHa JIOKaji3allis ypa-
JKEHHsI 1 CIIIBCTABJICHHS 3 PEHTI€HOJIOTTYHUMU 1
Ja00paTOPHUMHU METOJIAMH JTOCTiHKCHHIM [29].
OcteocumHTUTpadiss aKTUBHO 3aCTOCOBYETHCS
y J1arHOCTHIIl JIeT€HEePaTUBHO-IAUCTPODIUHUX,
3amanpbHUX Ta CUCTEMHHX YpaKeHb CKeleTa.
Binpmricte 3axBoproBaHb XpeOTa Ta Cyrio0iB
€ CUCTEMHHMH Ta CYIPOBODKYIOTHCS ypPaKCH-
HSM 0aratboX OprasiB (peBMaTOiTHHUI apTpHT,
xBopoOa bexrepeBa, MiXkXpeOLeBHI OCTEOXOH-
po3, aehopMyrOUHil apTpo3, TCOpIaTHYHUNA
MOJIIAPTPUT, TMojarpa Ta iHImI). PeHTreHorpa-
bis 3anMmIaeTbcs OAHUM 3 OCHOBHHMX METOIB
niarHocTuKH peBmaroignoro aprtpurty (PA) ta
aHkino3yrwodoro cnonaunoaptputy (AC) — xBo-
pobu bexrepeBa. 3a3Budail peHTTEHOIOTIYHUMH
MeTomaMu Bu3HauuTH o3Haku PA ta AC MOx-
Ha JuIe 3a 2-3 pOKH i OijbIle BiJ MOYATKy 3a-
XBOPIOBAHHS, MPHU I[bOMY BHUHUKA€ CKIAIHICTD
OJTHOYACHOTO OOCTEXKEHHS BCIX CYyIIIOOiB, He-
OOX1AHICTh OINIHUTH KUIBKICHO JHHAMIKY 3a-
XBOPIOBAHHS Y TPOIIEC] JIKyBaHHS, KPIM I[bOTO
CYNPOBOKYEThCS BEJIIMKUM TPOMEHEBHM Ha-
BaHTA)XCHHSAM Ha OPTaHi3M Malli€HTa.

3a pesynpraTamMu croctepekeHb CHBaueHKO
T.IL [30] mpu cucTeMHUX XBOpOOax OMOPHO-
PYXOBOi crcTeMHu OyJi0 BU3HAUEHO, IO OCTEOC-
muHTATpadiss y XBOPUX HA PEBMATOIMHUEN ap-
TPUT JO3BOJISIE BHSIBUTH YPAXKCHHSI HE TUIBKH
OJTHOTO JTOCHIIKYBaHOTO Cyryio0a, a i BOTHHIIA
3alajieHHs] B KJIIHIYHO «IHTaKTHUX» CyTlIo0ax
OJTHOYACHO yChOTO CKEJIETy 3a OJIHE OOCTEXeH-
Hsl, HaBiTh THX, Kl TIIBKU BKJIIOYAIOTHCS B 3a-
nanbHUi cucteMHUd. OcoONHMBO IIHHA OCTEO-
cuuHTHrpadis me 1 TUM, M0 3aBISKA CBOEMY
MOJIEKYIISIPHO-010XIMIYHOMY MPOLIECY BKIIIOUEH-
H$1, JIO3BOJISIE BUSIBUTH aKTUBHUN TIPOIEC TIPOTSI-
TOM TIEPIIIOTO MICSIIS 3aXBOPIOBAHHS, & Y YACTH-
HU XBOPUX HaBITh 0 MOSIBU MEPIIUX KITHIYHUX
O3HaK ypaX€HHs CymIo0iB, IO HE J03BOJISE
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3poouTH HaBiTh MeToq KT Ta MPT. Bucoxwuii pi-
BeHb HakonmueHHS POII npu PA Bim3HauaeThcs
B OCHOBHOMY Yy BEJIMKHUX CYINI00ax: IpOMEHe-
BO-3aI’ICTKOBUX, KOJIHHUX, PiAIIE B TOMIJIKO-
BOCTOITHUX CYyINI00ax, 1 4acTO HOCUTh acuMe-
TPUYHHIA XapakTep. 31 301IbIICHHSM aKTUBHOCTI
MPOIeCy Ta BHPA3HOCTI 3aXBOPIOBAHHS, HAKO-
nuueHHs POII B ypakeHux cyrnobdax 3pocrae i
Moxke nocsiratu 250% — 280% 1 G6unbie. Heo6-
X1IHO 3BEpHYTH yBary Ha Te, 1o B [V cranii PA
HakonnueHHs1 POI] nounHae 3MeHITyBaTucs, 110
IIOB’A3aHO 3 PO3BUTKOM aHKLIO3y y CyIo0ax,
IIPU SIKOMY B)K€ 3HHMKA€ KallJsipHO-BEHO3Ha Me-
pexa cyauH [31].

BuxopucranHs  pamiOHYKIIIHOTO  JOCTi-
JDKEHHsI TIpH XBopoOi bexTepeBa mae nocraTHio
KUTBKICTh iH(OpMalii npu paHHIA AiarHOCTHII
Ta JIO3BOJISIE TIPOBECTH AWQEpeHIiaIbHy mia-
THOCTHUKY 3aXBOpIOBaHb XpeOTa Ta cyniooOis,
YTOUHUTH CTYMiHb AKTUBHOCTI MICLIEBOTO 3a-
MaJIBHOTO MPOLIECY, BUSABUTU AUISTHKU YPaKCHHS
xpebTa abo cymio06iB MpH BiACYTHOCTI KITTHIYHUX
O3HAaK 3alaJIbHOrO TMpolecy, 00’ €KTHBI3yBaTH
OLIIHKY KJIIHIYHUX JIaHUX. Y XBOPHX 3 PO3BUHYB-
mMMucs octeoditamu mpu xBopodi bexrepesa
HakonumueHHs: POIT y xpeOti Bulle, HIX Y XBO-
PHX 3 IETEHEPATUBHUM ypaXKEHHSM XpeOTa.

[Tocunene normMHAHHS penapary, CKOpim 3a
BC€, OB’ s13aHE 3 BUPAKECHUM OCTEOOJIACTIYHUM
MIPOLIECOM, SIKMI Ma€ Miclie IPU aHK1JI03YI0UOMY
CIIOHIMJIOAPTPHUTI, HA BIAMIHY BiJ] CIIOHIUIIBO-
3y, KOJIM MEpEeBaKa€e OCTEOKIACTUYHUN MpPOIIEC.
[Ipu nenTpanpHili popMi XBOPOOH BH3HAYAIOTh-
csl 3MIHM B 00JacTi KpUKOBO-KIyOOBUX 3uJie-
HYBaHb 1 B XpeOTi, sIK y paHHi{, TaKk 1 B Mi3HIH
crajii marojoriuHoro mnpouecy. I[locunenns Ha-
KOIMYEHHsI Tpernapary BigOyBaeTbcs TUQY3HO
HE TUIBKHM B JUIAHII CyII00iB, @ # y TmOmmx
TUISTHKAaX KIIyOOBUX KICTOK 1 KpukiB. OmgHOUacC-
HO CITOCTEPITa€ThCs MIJBUIIEHHS KOHIICHTpAIlil
P®II ta B gimaami L — IV, L -V, S — 1, xoua
I MeHIlIe, HIXK Y KPUKOBO-KIIyOOBHX CIOJIyY€H-
HsAX. Ha cuuHTHrpaMi rpyaHoro ta nomnepexkoBo-
ro BiJAUIiB xpeOTa Ha paHHIN cTaaii xBopoOu
bextepeBa BiJl3HAYAEThCS HEUITKICTh KOHTYPIB
XpeO11iB, HAKOIIMYEHHS Npenapary 1udysHe, aje
OLTBII BUpaXXEHE Y IEHTPaNbHIN YacTuHI Xpeo-
Ta. Y 1/3 BUNaAKIB BUSIBISETHCA Tinepdikcaris
P®II B rpynnHO-KIIOYUYHUX 1 TPyAUHO-peOep-
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HUX 3WICHYBaHHSX, a TAKOXK y BEPXHIH 4aCTUHI
rpyauHd. Y 1/3 BUmaakiB 3MiHUM Ha CHUHTHUIpa-
Mi BU3HAYAIOTHCA TPHU BIACYTHOCTI 00’ €KTHB-
HUX 1 cy0’€KTUBHUX O3HAK YPa)KEHHS I'PYIUHH,
IPYAMHO-KIIOUMYHUX a00 TIpyAHHO-peOepHuX
3wieHyBanb. [lpu nepudepuuniit dopmi xBo-
pobu bexrepeBa, KpiM 3MiH, 3a3HaYCHUX IPH
HEeHTpaJbHIN (opMi, HA CUUHTUIPaMi BHSBIIS-
IOTHCSI 3MIHM B YPaXXCHUX Ta30CTETHOBHX, KO-
niHHUX cymiobax. [lpu Takiii ¢dopmi xBOpoOH
cuuHTUrpadis crae 0codanBO 1HPOPMATUBHOIO
JUTS] BUSIBIIGHHS KJTIHIYHO 1IHTaKTHUX CYTJI001B Ta
OIIHKH TIOIIUPEHOCTI MPOIIECy B paHHI TEPMiHH
XBOPOOH, OCKUIBKH PEHTIE€HOTpaMH CyIo0IB y
O1IBIIOCTI BUITAIKIB BiTOOpaXKarOTh 3MiHHM JIHIIIC
B Mi3HI cTafii nponecy [32].

[Ipu mpoBeneHHi octeocuuHTUrpadii XBO-
pUX Ha ToAarpy TaKoX € crenudiuHi o3Ha-
KM, XapakTepHi JUIS I[bOTO 3aXBOPIOBaHH:. 3a
pesyapraramu crioctepekeHb B.l. Mimbka i1
€.I. Marsienko [33] Oynu BUsIBIIEHI XapakTep-
Hl CHMHTUTpadiuHI 0O3HAKU MOPYILICHHS OOMIHY
cedoBoi kucnotr. CuuHTHTpadivHO MIPU PI3HUX
dbopMax i Ha Pi3HUX CTAiSAX IMOMATPH, BUSIBIIS-
eThcA miaBueHe Hakonnyenas PDOI] B HaBkoI10-
CymoOHuX IuTsiHKax. [nboko po3ramioBaHi To-
¢dycu Ha CIMHTUTpaMi MalOTh YiTKO OKpECIEH1
KOHTYpH, Tinepdikcauis POII B HuX nepesuiye
HOpMY y 5-7 pasiB. [Ipu miaHapHiii criuHTUTpa-
(il BUSBIIAIOTHCS TOCI KIIHIYHO IHTaKTHI CyTIIO-
01, Ha sIK1 BapTO 3BEpHYTH yBary. OkpemMo He0oO-
X11HO (IKCYBaTH aKTHUBHY Bi3yali3allil0 HUPOK
Ha ocTeocuuHTUrpamax. [laTorHomMoHiuHE mo-
pYIIEHHS OOMIHY ypaTiB MpHU MOJArpi Mopyurye
(GYHKLII0 HUPOK, TOMY Maii’Ke y TPETUHH TaKuX
XBOPHX uepe3 3 roMHU Ha CUMHTUIPaMaXxX BUSB-
asieTbest 3aTpuMka pocparaux POII B Hupkax. B
JIOCUTH BETUKOMY BiJICOTKY BHITAJIKiB KJIIHIYHUX
1 mabopaTopHUX O3HAK MOPYIIEHb (PYHKII HU-
POK 110 IIbOTO HE KOHCTATyBaJ . TakuM YWHOM,
CUUHTHUrpadisi J03BOJISE BUSIBUTH XapaKTepH1
3MIHHU B CyIJI00ax, a TaKOX MOPYIICHHS (QyHKIIIT
IHIIMX OPraHiB, IO Ma€ BEJIMKE 3HAYEHHS JUIs
BCTAHOBIICHHS 3aKJIFOYHOTO JI1arHO3Y 1 yCIIIHO-
ro jmikyBaHHs [33].

VY XBOpHX, IO CTPAKIAIOTH HA TIcopia3 4a-
CTO € MPUXOBaH1 POpPMU APTPUTIB a00 CIIOHAU-
noapTpuT. 3a crocrepexxeHHsmu Kosans [M1HO.,
Meue JI.C., Cuauenko T.II. Ta im. [31],

Ukrainian scientific medical youth journal, 2025, Issue 1 (152)

http://mmj.nmuofficial.com

86


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#

UKkrainian Scientific Medical Youth Journal

Issue 1 (152), 2025

Creative Commons «Attribution» 4.0

cupHTATpadiss HATa€ BEIUKY JOTIOMOTY Y JIiar-
HOCTHIII YpaX€Hb CYIJIOOIB y pi3HI TEpPMiHU
3aXBOPIOBaHHsA. Bucoka KOHIIEHTpallis mpemna-
paty BiJ3Hayanacs B AWCTAIbHUX (paaHrax,
TOMUIKOBOCTOITHUX CYyII00axX, KPHXKOBO-KIIy-
OOBHX 34JICHYBaHHSX 1 MONEPEKOBOMY BiJUIiNI
xpeoTa.

B nminsHI TpyIuHO-KITIOYMYHUX, KPUKOBO-
KITyOOBHX Cyrio0iB HakOMWYeHHS pagiodapm
npenapary BigOyBajocsi HEpPIBHOMIpDHO, a B
XpeOTi 9acTo BUSBIISIOCS ITiIBUINICHHS KOHIICH-
Tparii paaioiHIuKaTOpa TUIBKH 3 OHOTO OOKY.
Ha BinmMiny Big peHTreHorpadii mpu CLIMHTHTPa-
(bii BUSBISIFOTHCSL OCEPEIKU 3aMalieHHs y CyTIo-
01, a it ganeko BiJ Hboro. Ha ocrecunnTurpam
KICTOK BUSIBJISIETBCSI HEUITKICTh KOHTYpIB. Ypa-
KEHHS KPUKOBO-KIIYOOBUX CYITI001B BUSBIISIETh-
Csl Ha BEJIMKOMY TpOTs3i mupuHOIo 6 7 cM. Kpim
ypaKeHHS 3a3HAUYCHHUX CYIIO0iB, BHUSABISIOTHCS
OCEepeKH TOMIPHO ITABUIIICHOTO HAKOTHYEH-
HA pamiodapMmopenapary B CEepearHl KPUXKIB 1
B JIUISHII TIOTIEpEeKOBUX XpediiB. HakormmueHHs
P®II ciocTepiraeTbest TAKOXK y MICHSIX TPUKPIN-
neHHs cyxoxuuis. [Topaska xpeOTa Ha BiAMIHY
XBOpoOu bexTepeBa Ha CIIUHTUTpaMi BUSBIISIETh-
Csl IEPEeBAXXHO y O1YHHUX YacTUHAX, KOHTYPH Xpe-
OI1iB HEYiTKI, Ba)KKO MoMiTHi [31].

VY nmiarHocTHLI apTpo3iB Ha paHHINA crafil
Iy’Ke€ BXIMBO BU3HAUUTH XapakTep 3amalib-
HOTO Tpoliecy B cyrio0i (CHHOBIIT). Y 3B S3KY
3 IIMM OCOOHMBOTO 3HAaYeHHsS HaOyBa€ CIIMHTH-
rpadgiyHU METO AOCIIHKEHHS, 3a IOTIOMOT OO
SIKOTO B MOYATKOBIN CTajii apTpo3y BUSBISIOTH
JIpiOHOBOTHUIIICBUI a00 CepeHLOBOTHUIIICBHMA
CHHOBIIT, 110 JIOKaNi3y€eTbcsd B OOJIACTI BepX-
HBOTO Ta HM)KHBOTO 3aBOPOTIB, HAJIKONIHKA. Y
Mipy MpOrpecyBaHHs MNaTOJOTIYHOTO IPOLECY
BCE YacTile BUSBISETbCS qUdy3HA a00 TUdy3-
HO-OCepe/IKOBa Tinepdikcamis paaioiHIuKaTopa.
KitiHIYHO peakTHBHUI CHUHOBIIT BU3HAYAETHCS Y
1/2 XxBOpHX Ha TOHAPTPO3, y TON Yac K pa10J0-
TIYHUI METOJT T03BOJISIE BUSIBUTH Y BCIX XBOPHUX
y III cranii aptpo3y Ttay 1/3 xBopux Ha I-II cra-
aii [34].

3acrocyBannsa IIET 3 8F-FDG (abo ®I)
AK 1HAMKATOpPY, BIAPI3HAETbCS TOMOIpadivyHu-
MU 300paXEHHSMHU BHCOKOI PO3/IJIBHOI 3/1aTHO-
cti. CnocrepiraerbCs MiABUIICHE MOTIMHAHHS
18F-FDG B minsiHKax 3amalbHUX KIITUHHUX 1H-
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¢inbrpariB (HeWTpodinm abo mMakpodaru B ro-
CTpiii 1 XpoHIuHIH (pa3ax BiANOBITHO), 10 BKa3ye
Ha 301IBIICHHS BUKOPHUCTAHHS TIIOKO3H ITUMH
KJIITUHAMHM TTPH 1HEKITIHHUX Ta 3aMajbHUX MPO-
necax [35]. Buxopuctanns [IET 18F-FDG y no-
ennanHi 3 KT st AlarHOCTUKY Ta MOJANIBIIOTO
CIOCTEPEXEHHS 3a IHPEKIIHHUMH 1 3aaJIbBHUMU
mpolecaMu B KiCTKax TMoka3ye 0aratooOirsroui
pesynbrati [16].

Ocmeocyunmuzpapin

npu npome3yeanHi cy2nooie

Jly’xe KOpUCHOIO0 OcTeocuuHTUrpadis, oco-
6nmuBO TpbOx(azHa, BUSBUIACH B OPTOMEIi Ipu
MPOTE3yBaHHI KYJBIIOBHUX 1 KOJTIHHUX CyTJIO0IB.
B ocranni gecartupiuus HaOyBae 3HAYHOI aKTy-
alTbHOCTI MUTAHHS 3aMiHM BEIMKHUX CYIIO00IB.
BUHUKHEHHS TapaeHIONPOTE3HUX YCKJIaJHEHb
MIiCsT €HAOMPOTE3yBaHHS KyJbIIOBUX Ta KO-
JIHHUX CYIVIO00IB 1 Hajalli 3aJIMIIAIOTHCS IPO-
onemoro mis axiBiiB. [ OMIHKK MOMIJTMBHX
YCKJIQIHEHB BiJI TPUBAJIOTO XPOHIYHOTO 3arajib-
HOTO TIPOIIECY, SIKUH MepeayBaB MPOTE3yBaHHIO,
TphoxdazHa 0CTeOCHUHTUTPADISI Ta€ aKTyaTIbHy
iHopmarliito I MPOTHO3YBAaHHS PO3BUHEHHS
micasonepamiitaux yckiaaaeHsb [36]. IlinBu-
IICHHS 1HTEHCHUBHOCTI apTepiaJIbHOTO KPOBO-
MOCTayaHHs B AUISHKAX KICTOK HAaBKOJO Maii-
OyTHHOTO TPOTE3yBaHHS BKa3ye Ha aKTUBHE
3amajieHHs, BIUIUB iHQeKIiiiHoro arenra abo
MiBUIICHY OCTEOIITUYHY aKTUBHICTb, IO Pi3KO
3HIDKAE MMIAHCU HA YCIITHUH mepedir peadiniTa-
1ii Takux mamieHTiB [37].

BucHoBku

Maroun BUCOKHHU CTYIIEHb YYTIMBOCTI OCTE-
ociUHTUTpadis BKIOYEHA 0 0ararb0X OHKOJIO-
TIYHUX MPOTOKOIIB OOCTEKEHHS, aje BOHA Mae
OUIBII MIMPOKI MOMKIJIUBOCTI.

PagionykiigHi METOAM MOCHTIIKEHHS O1TbIIT
YyTIUBI 3a peHTreHorpadio y BHABICHHI
BOTHHUII] METACTaTUYHOTO YPaKEHHS CKeJje-
Ta (4yTmuBicTe MeToay 96%) [38], 3amampHUX
Ta CUCTEMHHUX YpaXeHb CKeJieTa, CYOKJIiHIY-
HUX T[IepeIoMiB, OCOOJIMBO MHOXHHHHX a0o
BHYTPIIITHOCYTIIO00BUX. PeHTreHomoriuni  x
METOAM JO3BOJISIIOTH BUSBHUTHU KICTKOBI 3MIHU
npu Brpari Outbine 30% Kamnpllito 1 HAasBHOCTI
BUPAXKEHUX CTPYKTYPHHUX 3MiH KICTOK 1 CyIJIO-
0iB, 110 B Psi/ii BUMAJKIB CBITYUTH MPO MATOIO-
TIYHMIN TIpolec, 110 Aaneko 3aumos [39].
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Jlo TONIOBHHMX TMepeBar ocTeocuuHTHrpadii
BIIHOCUTBCSI MaiKe BIJCYTHICTh MPOTHUITOKA-
3aHb, Ha BiaMiHy Bil KT 3 koHTpacTyBaHHSM 1
MPT-pocnimxens. Takoxx HEOOXiTHO 3BEpHYTH
yBary Ha BiJIHOCHO HEBHUCOKE MPOMEHEBE HaBaH-
TaXCHHSI Ha marieHTa Ha BinMiny Big KT, mo
JI03BOJISIE 3aCTOCOBYBATH i1 17151 MOHITOPHHTOBUX
criocTepexkeHb[38].

3actocyBaHHS ocTeocuuHTHrpadii B Oara-
THOX BHIIQJIKAX MOXKE MOKPAIIUTH SKICTh XKHUT-
TS XBOPUX 3 OHKOJIOTIYHUMH, JET€HEPaTUBHO-
TUCTPOGIYHUMH, 3aNaJbHUMU Ta CUCTEMHHUMHU
YpaXXeHHSIMH CKEIeTY, a TaKOX MICIsl €HI0MpOo-
Te3yBaHHA [36].

JIo1iTBbHO 3aCTOCOBYBATH OCTEOCIIMHTHTPA-
¢biro s Bizyauizarlii, OIIHKK PO3MOBCIOKCHHS,
BU3HAYCHHS AKTHUBHOCTI TPOIECY 1 BCTaHOB-
JICHHSI KpUTEpiiB onepabeabHOCTi MEPBUHHUX 1
MIEPBUHHO-MHOXXUHHUX 3JIOSKICHUX IyXJIHH Ki-
crok [39].

JIsi BUSIBIIGHHS, OINIHKHM 1 CIHIOCTEPEKEHHS
METacTaTUYHUX MPOIIECIB METOJl € HE3aMIHHUM,
[0 MiATBEPIXKEHO BKIIOYEHHSIM OCTEOCIUHTH-
rpagii B OHKOJIOIIUHI MPOTOKOJIB OOCTEKEHHS
XBOpHX B YKpaiHi 1 BcboMy cBiTi. OcTeocuuH-
TUrpadiro 3aCTOCOBYIOTH Ul BUSBJICHHS HOBO-
YTBOPEHUX METACTATUYHWX BOTHUII B KiCTKaXx,
CTIIOCTEPEKEHHS 32 aKTUBHICTIO MPOLECY 1 I
KOHTPOJIS JIIKyBaHHSA, 110 € TOJIOBHUM B OIIIHIII
TepaneBTU4YHOi TakTUKHU [40].

Haxans ocreocumaTHTrpadiss HEAO0OIIHEHA
B JIIaTHOCTHII JIETEHEPATUBHO-TUCTPOPIUHUX,
3anajbHUX Ta CUCTEMHUX YPaK€Hb CKeleTa, /e
oTpuMaHa 3a ii Jomomororw iHdopmallis 103BO-
JIsi€ BUSBIISATH HEAKTHBHI OCEPEIKH YpPaKCHHS
MPU CHUCTEMHUX 3aXBOPIOBAHHSX, MPOBOIAUTH
MOHITOPUHT y KOPOTKi MIPOMIKKH 4acy 3 METOIO
BUBYCHHS JIUHAMIKM TIPOIICCIB, BU3HAYaTH aK-
TUBHICTb, NIEPEOIT 1 PO3MOBCIOMIKEHHS TPOLECY
3arajbHUX 3aXBOPIOBAHb, BUSBISITH 30HH IEpe-
OyZI0OBH KICTKOBO1 TKAaHWHHU TPH JUCTPOPIIHUX
Ta JUCIUIACTUYHUX MPOIECcax, 3aCTOCOBYBATH 3
METOI0 OIIHKK e(eKTUBHOCTI JikyBaHHS. Oco-
0JIMBO I[IHHA OCTEOCUMHTHrpadis me i THM,
IO 3aBJSKU CBOEMY MOJIEKYISIPHO-010XiMiy-
HOMY TIPOIIECY BKIIFOUCHHS, JO3BOJISIE BUSBUTH
3araabHUM MPOIEC MPOTATOM MEPIIOTO MiCSIIS
3aXBOPIOBAHHS, & Y YaCTUHU XBOPHX HaBITh IO
MOSIBY MEPUINX KITHIYHUX O3HAK YPAaXKEHHS CyT-
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71001B, 110 HE JT03BOJISIE 3pOOUTH HABITH METOJ
KT ta MPT.

[Tpy TpaBMaTHYHUX YIIKOJPKEHHSX 3aCTOCY-
BaHHsI OCTEOCUMHTHUIpadii 103BOJISIE BUBHAUUTH
YCKJIAJIHEHHS [IPU aTUIIOBOMY 3arO€HHI Mepeso-
MiB KICTOK, BUSIBUTH 30HHU 11e€peOy10BU KiCTKOBOT
TKQHUHM 1 KOHTPOJIIOBATH MIPOLIEC JIIKYBaHHS.

OcteocuunTHrpadiss € 00’ €KTUBHUM BHCO-
KOYYTJIMBUM METOJIOM JIarHOCTHKH TIPH €HJIO-
IIpOTe3yBaHHI KOJIHHUX cymio6iB. Ilepenomne-
pauiiiHa ocTeocUMHTUTpadis A BU3HAYEHHS
CTYIIEHS JIeT€HepaTUBHO-3aMaJIbHUX 3MIH JIOI10-
Marae BIpOTiTHO 3HU3HUTH KUTBKICTh PEBI3IMHUX
€H/I0NPOTE3yBaHb Ta PU3MUK MiCIsIONEpaLiHHUX
ycknagHenb. [lepenonepariiiina octeocuuH-
turpagis norpeOye BKIIOYEHHS B Iporpamy
IPOTOKOIY OOOB’SI3KOBOTO  JIarHOCTHYHOTO
CKPUHIHTY TpPH €HAONPOTE3YBaHHI KOJIIHHUX
CyII00iB.

[loenHaHHs IBOX PI3HMX 33 MPUHIUIIOM OT-
pumanns iHpopmanii, meroniB IIET i HU3BKO-
no3oBoi KT, abo IIET 1 MPT natots nepesary B
TOYHOCTI aHATOMIYHOI JIOKaJi3aLlli.

Ane, npu 6aratbox nepeparax, 0CTEOCHUHTH-
rpadis Mae 1 neBHI Henomiky. Ha xanb, 1iei Bu-
COKOUYTJIUBUN METOJl HE Ma€ Takoi abCOIIOTHOI
cnenrdiyHOCTI IPU OHKOJIOTIYHUX YPaXKEHHSX,
OCKIJIbKH TTOCHJIEHA aKyMYJIALis OCTEOTPOIHUX
POII B KiCTKOBi# TKaHWHI MOXE CHIOCTEpiraTu-
Csl TAKOX TIPH TPABMaxX, OCTEOMIEIITI Ta IESIKUX
IHIIMX 3aXBOPIOBAHHIX. TakWil HEMONIK MOX-
Ha YCyHYTH Ipu BUKOHaHHI B pexxumi ODEKT
1 ocobnuBo — IIET. Kpim toro, cneuudiunicts
BUSIBJICHHS 3JIOSIKICHUX HOBOYTBOPEHb KiCTOK
30UTBIITYETHCS TPU TIOETHAHHI CIUHTUTpadIU-
HUX Ta PEHTT€HOJIOTIYHUX METOMK.

Pexomenpnamii

OcteocuuHTUTPADIIO 3aCTOCOBYIOTD:

1) nans Bizyamizamii NEpBUHHHX CKeJIETO-
TeHHUX KiCTKOBOMO3KOBHX 3JIOSIKICHHX
MyXJIMHAX, AOOPOSAKICHUX IyXJHHAX 1
MyXJIMHOMOAIOHUX ypaXKeHb;

JUTSL BUSIBJICHHST BOTHUIIl METACTaTHYHOTO
ypakeHHsI CKeJleTa Ha Oy/lb-SKOMY eTarli
BCTaHOBJICHHS J11arHO3Y, JIKyBaHHA Ta B
CIIOCTEPEKIMBOMY NEPIOi;

JUIl BU3HAYEHHS KpUTEpiiB onepadenb-
HOCTI XBOPHX 13 PI3HUMH 3JI0AKICHUMHU
HOBOYTBOPEHHSIMU;

2)

3)
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4) s IOUTYKiB TOAATKOBUX BOTHHIIl ypa-  JDKEHHS 0araropa3oBo, B AMHAMIII 1 JIsT OI[IHKH
KCHHS TPH  TNEPBUHHO-MHOXKHHHHMX  €()EKTHBHOCTI JIIKYBaHHS.

nyxiuHax (capkoma lOinra, perukyso- dinancyBaHHs
CapKoMa, XOHJPOMaro3, KiCTKOBO-Xps- Jlane JoCHiKeHHS 30BHILNIHBOTO (iHAHCY-
IIOBUI1 €K30CTO3 Ta iH.); BaHHS HE OTPUMYBAJIO.

5) Ans MOLIYKIB OCEpEeNKiB YpaskeHHS MpHU KonduiikT inTepecis
CHUCTEMHHUX 3aXBOPIOBaHHSX (JiMdo- Jlana myOmikamist HE BHKIUKAE OyIb-SKOTO
rpaHylieMaros, JeikeMii Ta iH.); KOH(ITIKTY MK aBropamu, He Oyna i He Oyzie

6) nnsGararopa3oBUX JAOCIIKEHb y KOPOT-  MPEAMETOM KOMEPIIMHOI 3aI[IKaBICHOCTI YH BH-
KI IPOMDKKM 4Yacy 3 METOI0 BUBUEHHS  HAropoju B Oyab-akiil ¢popmi.

JTIMHAMIKH TIPOIIECIB; 3roga Ha myoOJikaiio

7) nns BU3HAUCHHS aKTUBHOCTI, Iepediry ta JloTprMaHO yCiX MpaBHJI Ta MOJIO0KEHb KOMi-
MPOTSKHOCTI MPOLECY 3allalIbHUX 3aXBO-  TEeTy eTHKHU HaykoBux myomikarii (COPE)
PIOBaHb OIIOPHO-PYXOBOI CUCTEMU; ORCID Ta BHecOK aBTOpiB:

8) g posmi3HaBaHHS YCKJIATHEHb 3a- 0000-0002-7345-5124 (A, B, D, F) Nechayev
TOEHHS TIEPeNIOMiB Ta mofanbioro mpor-  Mykyta
HO3yBaHHS; 0000-0003-4210-1566 (A, B, C, D, F)

9) nns BusBIeHHs 30H nepeOymoBu kict-  Tkachenko Mykhailo
KOBOi TKAaHMHU TPU JUCTPOPIYHHX Ta 0000-0001-9527-4925 (A, B, C, E, F)
JHUCIUIACTUYHHUX IPOLIECcaX; Romanenko Hanna

10) 3 MeTor0 OIIHKKA €(EKTUBHOCTI JIKY- 0000-0003-1444-6858 (A, B, C, D, F)
BaHHS 3aXBOPIOBAHb KiCTOK; Myronova Olena

11) ams nporHO3yBaHHS 1 BUSBICHHS yCKIa - 0000-0001-5435-9105 (B, C, D, E, F) Mazur
HEHb IIPU €HJONPOTE3yBaHHAX BEIMKHX  Anastasiia
CyI100iB. A — Work concept and design, B — Data

Husbki mpomMeHeBi HaBaHTaXeHHA Ha ckeneT  collection and analysis, C — Responsibility for
1 opraHisM B IIJIOMY IIpU 3aCTOCYBaHHI MiueHuX  statistical analysis, D — Writing the article, E —
PmTc (ocdarie no3Bonsie mpoogutu gocii-  Critical review, F — Final approval of the article
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Osteoscintigraphy in modern clinical practice (literature review)
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Abstract: the article examines the basics of Radionuclide bone imaging of the skeleton, the history
of the method’s development, its capabilities, limiting factors, and prospects for further advancement.
Today, bone scintigraphy holds a leading position in oncological practice and in other clinical practices
for detecting and differentiating inflammatory processes in bones. It is currently one of the most in-
demand and widely used nuclear medical procedures due to its high sensitivity for detecting bone
pathologies. In clinical practice, scintigraphy and SPECT/CT of the skeleton are one of the unique
and promising directions, due to the development of new radiopharmaceuticals, the improvement of
functional outcomes, treatment monitoring, and the enhancement of quality of life for oncology patients.
Recently, the methodology of bone scintigraphy has undergone significant development and refinement,
enhancing its diagnostic capabilities. However, its classification as a third-tier radiological diagnostic
method has resulted in insufficient awareness among physicians of various specialties, limiting the
full usage of its potential. Such information is essential for modern physicians, as nuclear medicine
continues to expand and integrate into numerous fields of medical science. This review provides updated
indications for the usage of bone scintigraphy in various musculoskeletal disorders and highlights the
significance of radionuclide scanning in treatment monitoring. In our view, this article will be of clinical
interest to internists, rheumatologists, radiologists, orthopedic surgeons, oncologists, rehabilitation
specialists, and other professionals involved in managing musculoskeletal pathologies.
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Abstract: complaints arising from neurological disorders continue to increase today. At the same
time, studies on diagnosis and treatment methods in medicine are increasing as technology advances.
With the increasing interest in these areas, studies have been carried out on various diagnosis and
follow-up systems related to Parkinson's disease. For this purpose, in this study, we studied the
classification of a data set consisting of various voice recordings for each patient with the designed
deep learning architecture in order to assist in the more objective diagnosis of Parkinson's disease.
Although it is important for the estimation of the study to find different sound samples of each subject
in the data set, it is not known how much these recordings represent all the sound recordings of the
person. Recurrent neural networks, which are a deep learning architecture, are an efficient system
that can achieve high success in voice data and can be preferred in the diagnosis and follow-up of
Parkinson s disease. However, this study showed that in such a network design, much larger and more
diverse data are needed to increase the classification rate, to make more accurate predictions in the

field of medicine, and to make remote diagnosis.

Keywords: Neurodegenerative disorder, artificial intelligence, deep learning, classification.

Introduction Today, patients have to go to the hospital

Neurological diseases have affected and in order to diagnose the disease and follow the
continue to affect a lot of people all over the process, and this leads to loss of time and cost.
world from past to present. In addition, the This is because the examination needs to be
number of people dying from neurological repeated when the disease is active and passive.
causes is increasing day by day. It is known In this process, when the patients are examined
that the frequency of encountering Parkinson’s by specialist doctors and the symptoms are
disease varies depending on factors such as age  followed, disagreements may arise due to
and gender. It is thought that Parkinson’s disease, = subjective diagnoses. At this stage, it is believed
which occurs at an early age, is caused by genetic  that the development of a successful decision
factors [1,2]. The symptoms of Parkinson’s  support mechanism that helps the diagnosis
disease are increasing and its progression cannot  and follow-up of doctors will be beneficial for
be stopped [3]. patients and doctors. Thus, time and workload
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will be saved and the cost will be kept lower due
to early diagnosis [1]. A lot of research has been
done on the relationship between Parkinson’s
disease and speech, and it has been proven
how much they are related to each other [4].
In addition, it was concluded that with the
progression of the disorder, the voice could not
be used efficiently enough during speech [5].
In this study, it has been studied to develop a
decision support system that can help doctors in
diagnosing Parkinson’s disease and following
the disease. It is aimed that the designed deep
learning network can distinguish individuals with
Parkinson’s disease from healthy individuals
and classify them successfully. Various studies
have been carried out with machine learning
methods on the classification of voice data in
Parkinson’s disease and relevant results are
presented. However, studies on the classification
of audio data with deep learning architectures
are extremely inadequate.

Aim

In this study, it has been studied to develop
a decision support system that can help doctors
in diagnosing Parkinson’s disease and following
the disease. It is aimed that the designed deep
learning network can distinguish individuals with
Parkinson’s disease from healthy individuals and
classify them successfully.

Materials and methods

One of the main symptoms in the diagnosis
of Parkinson’s disease is voice disorders. Voice
disorder symptoms have an important place in
the diagnosis of the disease and in the follow-up
of the progress of the disease [1].

Data collected for a previous study was
used in this study. Relevant data were obtained
from 20 Parkinson’s disease patients (14 men,
6 women) who applied to the Neurology Depar-
tment of Istanbul University Cerrahpasa Faculty
of Medicine and 20 healthy subjects (10 men,
10 women) who applied to the same unit.

The subjects were told 26 different sound
samples and their voices were recorded. These
sound samples consisted of numbers, words,
continuous vowels, and short sentences.

In the study, classification was made with
Recurrent Neural Networks (RNN), which is a
deep learning architecture.

ISSN 2786-6661
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The connections between the units of the RNN
form a directed loop. This loop allows behavior
to be processed temporally and dynamically.
Recurrent Neural Networks can use their
input memory to process inputs randomly [6].
It is assumed that all inputs and outputs are
independent of each other in systems where the
data is image. On the contrary, if the system to be
created depends on the time variable, there is no
independence. The RNN architecture is built on
sequential information processing and is called
recurrent because it continues based on previous
outputs for each item in the array [7].

Recurrent Neural Networks evaluate previous
information and what they have learned at the
moment together. In RNN, the input of the next
operation is the output of the previous operation.
Therefore, it differs with feedforward neural
networks [8].

Figure 1. Recurrent Neural Network [9]

RNN architecture operates on the memory
it has. This memory is required for output that
needs input data with a pattern. Such datasets
cannot be trained with feedforward networks.
For this reason, recurrent neural networks are
needed in such datasets from language, text and
sensors [10].

Recurrent neural networks have produced
fertile results in many natural language
processing studies. At this point, the most
frequently used type of RNN is Long Short Term
Memories (LSTM).
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Various application areas of RNN architecture
are as follows;

e Machine translation

e Speech recognition

e Language modeling and text creation [8].

LSTM network structures, which is a type of
RNN architecture, have been designed to solve
long-term dependencies encountered in practice.
The results of LSTM architectures in speech/text
processing areas are extremely good [9]. The
LSTM architecture, which was first introduced
by Hochreiter and Schmidhuber, was mentioned
in 1997 [11].

In the LSTM architecture, a forget gate is
added to prevent memorization and reset itself,
and surveillance connections have been added to
make learning positioning easier [12,13].

Results

After the researches and the codes written, the
success rate of diagnoses made with voice data in
Parkinson’s disease was examined. The training
set consists of data containing 26 different voice
samples from 40 subjects.

The data used in deep learning training are
labeled as 1 if the subject is a patient, O if not.
These labels are recorded in the table.

The deep learning architecture running in the
background makes classification by scanning
the loaded data. It makes the classification in
the way he learns from the data it uses in edu-
cation.

® The relevant data set was transferred to the
MATLAB (Matrix Laboratory) workspace
and divided into training, validation and
test set.

Network design was done through the deep
network designer toolbox.

The accuracy of the network structure was
analyzed and the error-free neural network
was imported. (Fig. 2)

The training preferences of the neural
network are set and the network training
is started.

The training process was followed on
the graph. Accuracy and loss rates were
followed and worked to get the most
appropriate result.

The accuracy, sensitivity and specificity of
the trained neural network were measured.
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Figure 2. Deep Network Designer
Toolbox-network design

The accuracy, sensitivity and specificity
results obtained on the classification of sound
samples are shown in Table 1.

Table 1. Accuracy, sensitivity and specificity
results obtained using the k nearest

neighbor algorithm
Sensitivity Specificity
(1)
k | Accuracy (%) (%) (%)
1 57,69 57,30 58,33
2 52,40 53,00 48,00
3 53,85 62,80 51,50
4 49,04 56,80 47,40
5 52,40 49,70 73,90
Conclusions

In machine learning methods, features must
be introduced to the network in order for the
network to be able to classify. In deep learning,
the features do not need to be introduced to the
network in order for the system to perform the
classification. In the study, the classification was
made with a dataset in which many different
sound samples were collected, thus laying the
groundwork for more comprehensive research.
In this respect, the related study is a good
preliminary study. On the other hand, such a
system should have a much larger dataset and be
run with a new generation operating system with
a greater amount of computing power. Thus, it
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IIporno3yBanusi xgopoou Ilapkincona
3a 10IIOMOI 010 AJIrOPUTMIB Kiaacudikanii NIH0O0KOro HaBYAHHS

Kayacioglu Rumeysa', Kacar Firat?
'School of Technical Sciences, Mus Alparslan University, Mus, Turkey
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AHnomauia: ckapeu Ha HeBPONOCIUHI PO3NAOU CbO2OOHI NPOOOBIXHCYIOMb 3pocmamu. Y motul e
4ac Q0CHiONCeH s OIAZHOCMUKY Ma Memooi8 NiKY8AHHS 8 MeOUYUHI 30IIbULYIOMbC 3 PO3BUMKOM
mexHono2il. 3i 3pocmanHiam inmepecy 00 yux ooracmeul OViu npo8eodeHi 00CIIONCEHHS PI3HUX CUCTEM
0la2HOCMUKU Ma NOOATLULO20 CNOCMEPENHCEHHS, NO8 A3aHUX i3 X60poboio [lapkincona. 3 yieto memoio
8 YbOMY OOCAIONCEHHI MU BUBHUNU KIACUPDIKAYTIO HADOPY OAHUX, WO CKAAOAEMbC 3 PI3HUX 3aNUCI8
20710CY 0151 KOHCHO20 NAYIEHMA 3 PO3POONIEHOI0 apXimeKmyporo eiubOK020 HA8UAHHS, WoO 0onomMo2mu
y Oinvut 06 ’ekmueniu diaeHocmuyi xeopoou Ilapkincona. Xoua 0na oyinKu 00CHIONCEHHS 8ANCTUBO
3HaUmu pisHi 36VKOGI 3PA3KU KOJNHCHO20 Y0 ’€kma 6 HaAbopi OaHux, He8i0OMO, HACKIIbKU Yi 3anucu
npeocmasiaiomy yci 36yKosi 3anucu ar0ounu. Ilosmoprosani HeluponHi mepedxci, AKi € apXimeKkmyporo
2IUOOK020 HABUAHHSA, € e)eKMUBHOIO CUCMEMOI0, AKA MOJce Q0CASMU BUCOKO20 YCHNIXY 8 2010CO8UX
O0anux i Modice Oymu 8i00aHoI0 nepesasi 8 0iacHOCMuYi ma no0AIbLULOMY CHOCIEPENCEHHI 3d X80POOOIO
Iapkincona. Oouax ye 00CnioHceHHs NOKA3AN0, WO 8 MAKili CMPYKmYypi Mepexci HeobXiOHI Habazamo
Oinvwi ma pizHomanimuiug 0aui 015 nioguenHs pieHs Kiacugixayii, 015 OLIbU MOYHUX NPOSHO3IE8 Y
2any3i MmeOuyuHu ma Ol OUCMAHYIHOL OIa2HOCMUKU.

KarouoBi caoBa: HeiiponereneparuBHuid po3naj, INTYYHHH IHTENEKT, ITHOOKE HaBYAaHHS,
Kacugikaris.
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Predicting models of inpatient death risk accompanied
by coronavirus disease in healthcare establishments
as an additional tool for decision-making
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Abstract: we aimed to analyse risk prediction models and propose a new model for predicting
in-hospital death risks. Materials and methods. We conducted a retrospective case-control study,
analysing cases of hospitalisations of patients with severe and moderate COVID-19 from 2020 to 2021
(n=129). Results. We found that such factors significantly influence mortality risk: age (OR 0,866,
95% CI 0,8-0,9; p<0,001), lymphocyte absolute ratio (OR 0,000144; 95% CI 0.00000513-0.00407;
p<0,001), C-reactive protein (OR 1,2; 95% CI 1,010-1,030; p<0,001), albumin baseline (OR 0,796,
95% CI 0,661-0,959; p<0,05), minimal albumin (OR 0,716, 95% CI 0,593-0,864; p<0,001), eGFR
minimal (OR 0,951; 95% CI 0,93-0,972; p<0,001), INDEX PLRI score (OR 1,7, 95% CI 1,3-2,2;
p<0,001), PADUA score (OR 4,49; 95% CI (2,25-8,94, p<0,001), respiratory insufficiency (OR 22,6,
95% CI (7,79-65,6, p<0,001), parenchymal involvement on multisectoral computer tomography
(MSCT), % (OR 1,04, 95% CI 1,02-1,060; p<0,001), severity of lung damage on MSCT (pulmonary
parenchymal involvement) over 50% (OR 4,96, 95% CI 2,08-11,8; p<0,001), hypertension in the
medical history (OR 2,38; 95% CI 1,1-5,1; p = 0,026). Conclusion. We used models to predict the
risk of in-hospital death. The area under the curve is 0.976, with a 95% confidence interval (CI) of
0.951-1. At the threshold point, 0.366, sensitivity is 95%, and specificity is 92,6%. We created a web
version of the COVID-19 lethality calculator, which also works in Excel and could be helpful for viral
or bacterial pneumonia. The calculator is available online. We propose to focus on clinical conditions
and underlying comorbidities in decision-making despite the absence of data on the decompensation
of diabetes mellitus, as we did not find any difference in the groups in the level of HbAlc (p=0.0662).
Respiratory insufficiency could worsen progressively, so it is necessary to monitor clinical data. We
analysed the presence of hypertension, diabetes mellitus and cardiovascular diseases (ischemic heart
diseases, stroke, myocardial infarction, etc.) in medical history. We didn t focus on decompensation
for diabetes or destabilisation of heart diseases as in the pandemic, the presence of SARS-CoV-2
could rapidly influence the severe course of COVID-19, which was proved in numerous studies and
clinical recommendations. If there are enough resources, it is advisable to hospitalise patients with
noncommunicable diseases after assessment of risk before SpO2 rapid decline. In the discussable
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cases, a Calculator for evaluating underlying conditions could be used as an additional tool (the
area under the curve is 0.766, 95% CI 0.548 — 0.984). At the threshold of 0.244, sensitivity is 87,5%
and specificity — 68,8%. We suggest adding information on hospital admission criteria concerning
underlying conditions rather than age factors. As in the elderly population, we received comparable
results in risks in younger individuals with signs of metabolic syndrome or other non-communicable
diseases. Further study is necessary to assess body mass index (BMI) as in our cohort, there was
minor information on anthropological data. For a better understanding of the influence of adipose
tissue on inflammatory laboratory results, we should use international study data, focus on outcomes
assessment for the Ukrainian population, and assess risk individually.

Keywords: Health Policy; Public Health; Noncommunicable Diseases; Pneumonia; Linear
Models; Delivery of Health Care; Metabolic Syndrome.

Introduction absolute count (10*9/L) of lymphocytes (LYM),

Focusing on COVID-19 outcomes is still  biochemical blood analysis results on admission
a relevant research direction; nevertheless, (baseline): ALT, AST, their ratio, creatinine,
the pandemic has already stopped. Such maximal C-reactive protein (CRP); estimated
considerations have led to numerous studies of GFR on admission (eGFR CKD-EPI), the
previous disease results, which may help manage = maximum creatinine level (umol/L), the minimum
further healthcare emergencies. eGFR CKD-EPI, the severity of COVID-19 and

Aim degree of respiratory insufficiency. We used

The study aimed to analyse risk prediction  continuous Shapiro-Wilk normality test for
models and propose a new model for predicting  quantitative indicators, after that, we calculated
in-hospital death risks. the mean value (M), standard error (+fm) and

Materials and methods 95% confidence interval (95% CI) (in the case of

We used the statistical method, modelling, normal distribution) and the median value (Me)
and structural-logical analysis methods. We  and interquartile range (IQR) for values with non-
conducted a retrospective case-control study at  parametric distribution. We defined prevalence
KAPITAL Ltd. (Medical Centre «Universal Clinic (%) and 95% confidence interval (95% CI) for
«Oberigr), analysing cases of hospitalisations of  qualitative values. We used the Mann-Whitney
patients with severe and moderate COVID-19  test for comparing mean values in the groups for
from 2020 to 2021 (n=129). We divided patients  quantitative values, and the chi-square test (with
into two groups: discharged from the hospital  Yates’ correction) for qualitative ones. After
(hospitalized (not deceased), group 1, n=88) and  that we used logistic regression to estimate the
deceased (those who died, group 2, n=41). All  association of factorial features with further risk
patients had COVID-19 diagnosed due to PCR  assessment. We also assessed the odds ratio (OR)
tests in the presence of RNA or a rapid test for  with 95% CI. We performed all calculations for a
SARS-CoV-2 antigens (table 1). critical significance level of 0.05.

The data were processed using EZR [1]. We searched PubMed for the terms «model
Statistical analysis was conducted in R (R Core  covid-19 death in-hospital prediction». We
Team, 2023; R Foundation for Statistical tried to summarise information on the presence
Computing, Vienna, Austria). We used the of underlying clinical conditions which may
medical data from the database of medical cards  interfere with the risk of death. In our previous
of inpatients of COVID-departments. Obtained  study we proposed a methodology of assessment
data included demographical information of a personalized lethality risk index (PLRI),
(gender, age), where available — body mass index ~ which allowed us to integrate some clinical
(BMI), complaints on the admission, presence of  characteristics such as age, BMI over 30 kg/m?),
comorbidities, results of laboratory tests including  cerebrovascular events, heart diseases, presence
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of respiratory insufficiency with SpO2<92% and
typical for COVID-19 computer tomographical
pattern of parenchymal involvement (over
50%) [2]. In this paper we used results of previous
calculations and named PLRI as INDEX. For the
patients with severe hypoxemia hospitalisation to
the intensive care unit ward was organised.

We presented clinical and demographic
characteristics in the table 1.

As we can see that the group of patients were
predominantly older than in general population
(there were 914 cases of hospitalisation with
COVID-19 since late September 2020 till July
2021 (males — 503 (55%), females 411 (45%),
median age is 61 years). In 2020 19 patients
(4,83%) died in COVID-departments among 393.

ISSN 2786-6661
eISSN 2786-667X

It means that the rate of in-patient death was not
high and could be comparable with good results
of prominent European and USA centres, for
example, the mortality rate in the patient cohort
was 5.3% in USA [32].

Results

Theresults of laboratory tests and instrumental
results in the groups are presented below in
Table 2.

It should be noted that 29 patients with
diabetes mellitus were in both groups, with mean
(IQR) HbA1c 6.8% (5.9-6.9). Six of them (20.7%
(95% CI 8-39.7%) had decompensated diabetes
with HbAlc over 7.5%. There was no significant
difference between the medium level of HbAlc
in the groups (p=0.066).

Table 1. Demographic and clinical characteristics of the study population

Both groups Hospitalized Deceased
Characteristic Measures N Eg"/) P (not deceased) (n=41) N (%) p

¢ (n=88) N (%) ¢

Sex Females 73 (56.6%) 53 (60.2%) 20 (48.8%) p=0.3

Age Me (IQR) 79.1 (78-83) | 81.18 (79-84) | 74.59 (70-80) | *p<0.0001

Comorbidities Hypertension 58 (45%) 34 (38.6%) 24 (58.5%) *p=0.04

CVD 15 (11.6%) 8 (9.1%) 7 (17.1%) p=0.30

Diabetes 29 (22,5%) 16 (18,2%) 13 (31,7%) p=0.14

Malignancy 16 (12.4%) 10 (11.4%) 6 (14.6%) p=0.8

BMI, kg/m? M (sd) 28.8 (5.4) 27.6 (4.7) 31.2(6.2) p=0.12

¢GFR on admission, ml/min | M (sd) 60.1 (20.8) 60.2 (19.1) 59.9 (4.2) p=0.95

HbAlc on admission, % Me (IQR) 5.6 54 5.95 p=0.07
(4.8-6.1) (4.8-5.9) (5.1-6.5)

Prevalence of cough Absolute data, 60/46.5 44/50 16/39 p=0.33
/% (95% CI) (37.7-55.5) (39.1-60.9) (24.2-55.5)

Prevalence of dyspnoea Absolute data, 59/45.7 26/29.5 23/56.1 | *p=0.007
n/% (95% CI) (36.9-54.7) (20.3-40.2) (39.7-71.5)

Reported fever Absolute data, 97/75.2 67/76.1 30/73.2 p=0.89
n/% (95% CI) (66.8-82.4) (65.9-84.6) (57.1-85.8)

Prevalence of weakness Absolute data, 124/96.1 86/97.7 38/92.7 p=0.37
/% (95% CI) (91.2-98.7) (92-99.7) (80.1-98.5)

Diarrhoeal syndrome Absolute data, 11/8.5 8/9.1 3/7.3 p=1
/% (95% CI) (4.3-14.7) (4-17.1) (1.5-19.9)

COMORBIDY, scores Me (QI-QIII) 2.1 2.04 2.27 p=0.12
(1-3) (1-3) (2-3)

INDEX PLRI, score Me (QI-QIII) 4.4 3.98 53| *p<0.001
(3-5) (3-5) (4-6)

PADUA score Me (IQR) 3.16 (3-4) 2.97 (3-3) 3.58 (3-4) | *p<0.0001
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Table 2. Laboratory and instrumental parameters in the study groups

Hospitalized
Parameter (not deceased) Deceased (n=41) p
(n=88)
Severity of lung damage on MSCT
(pulmonary parenchymal involvement), % (95% CI) | 31.43 (15-42.5) 57.9 (40-75.8) | *p<0.001
Minimal absolute lymphocyte count,
x109/L, Me (QI-QIII) 0.7 (0.4-0.9) 0.24 (0.11-0.28) | *p<0.001
Maximal C-reactive protein level, mg/L,

Me (QI-QIII) 55.1(16.9-78.4) 129.4 (73-178.9) | *p<0.001
Ferritin, pg/L, Me (QI-QII) 479.5 (156-558) 1012 (446.5-1175) | *p<0.001
IL-6, pg/mL, Me (QI-QIII) 40.4 (9.3-43.5) 64.5(17.7-74.9) | *p<0.01
HbAlc, Me, % (95% CI) 5.4 (4.8-5.9) 5.95 (5.08-6.52) | p=0.066
Alanine aminotransferase (ALT), U/L Me (QI-QIII) 30.7 (16.6-40) 44 (20.3-41.9)| p=0.442
Aspartate transaminase (AST), U/L Me (QI-QIII) 39.3 (25.7-47.3) 59.5 (28.5-53.5)| p=0.078
AST/ALT Me (QI-QIIT) 1.4 (1.0-1.8) 1.8 (1.1-1.5)| p=0.803
Baseline albumin, g/L. M (sd) 36.5 (4.2) 32.8 (4) | *p=0.009
Minimal albumin, g/LL M (sd) 34.7 (5.1) 28.2 (3.5) | *p<0.001
Creatinine on admission, mcmol/L 94.9 (71.9-107.7) | 112.19 (73.71-124.95) | p=0.253
Maximal creatinine, mcmol/L 96.7 (75.2-112.3) | 206.72 (106.94-246.3) | *p<0.001
eGFR CKD-EPI on admission, M (sd) ml/min 60.2 (19) 59.9 (24.2) | p=0.949
Minimal eGFR CKD-EPI Me (QI-QIII), ml/min 59.8 (43.4-75.7) 36.9 (16.4-52.9) | *p<0.001

* — p<0.05 statistically significant difference between groups

Table 3. Univariate logistic regression model lethality (inpatient death) risk
Area under
. Model _— . 8 c
Factorial coefficient Significance, Odds ratio, receiver operating-

characteristic btm i p OR (95% CI) characteristic (ROC)
curve AUC (95% CI)
Lymphocytes absolute 0.000144 0.905
ratio, 10%/L -8.8424+1,73 |  0.000000208 | (0.00000513-0.00407) | (95% CI 0.844 — 0.965)
max CRP, mg/L 1,02 0.813
0.0178+0,0037 | 0.00000203325 (1,010-1,030) [(95% C1 0.735 — 0.892)
Baseline albumin, g/L 0,796 0.741
-0.23+0,095 0.01615 (0,661-0,959) | (95% CI10.572-0.91)
Min albumin, g/L 0,716 0.851
-0.33+0,096 0.000500 (0,593-0,864) | (95% CI1 0.705 — 0.997)
min eGFR, ml/min 0,951 0.773
-0.05+0,011 0.00000688 (0,93-0,972) | (95% C10.67 —0.876)
INDEX, scores 1,7 0.733
0.53+0,14 0.00011400 (1,3-2,2) | (95% CI 0.642 — 0.824)
PADUA score 4,49 0.717
1.5+0,35 0.00001948 (2,25-8,94) [ (95% CI1 0.629 — 0.804)
Respiratory 22,6 0.929
insufficiency 3.12+0,54 | 0.00000000963 (7,79-65,6) | (95% CI 0.869 — 0.988)
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Table 3. (continued)
Area under
: Model g ] c c
Factorial coefficient Significance, Odds ratio, receiver operating-
characteristic bim i p OR (95% CI) characteristic (ROC)
curve AUC (95% CI)
Severity of lung
damage on MSCT
(pulmonary parenchy- 1,04 0.785
mal involvement), % 0.043£0,0099 | 0.000018222 (1,02-1,060) | (95% CI 0.687 — 0.882)
Computer
tomographical pattern
of parenchymal invol- 4,96 0.651
vement (over 50%) 1.6+0,44 0.000295 (2,08-11,8) | (95% CI1 0.566 — 0.736)
Age, years 0,866 0.731
-0.14+0,037 0.000132 (0,805-0,933) |  (95% C10.63- 0.832)
BMI, kg/m? 0.656
0.144+0.097 0.1390 1.150951.40| (95%CI0.4-0.913)
Diabetes mellitus 0.568
0.7368+0.43 0.09 2.090.8914.9| (95% C10.485—-0.65)
Hypertension 2.380 0.607
0.8681+0.39 0.026 (1.11-5.12) [ (95% C1 0.514 — 0.699)
CVD 2.060 0.54
0.722140.56 0.194 (0.692-6.13) | (95% CI1 0.474 — 0.606)

Note: * —p<0.05 statistically significant difference between groups

We found that such factors significantly
influence mortality risk: age (OR 0,866; 95%
CI 0,8-0,9; p<0,001), lymphocyte absolute ratio
(OR 0,000144; 95% CI 0.00000513-0.00407;
p<0,001), C-reactive protein (OR 1,2; 95% CI
1,010-1,030; p<0,001), albumin baseline (OR
0,796; 95% CI 0,661-0,959; p<0,05), minimal

albumin (OR 0,716; 95% CI 0,593-0,864;
p<0,001), eGFR minimal (OR 0,951; 95%
CI 0,93-0,972; p<0,001), INDEX PLRI score
(OR1,7; 95% CI 1,3-2,2; p<0,001), PADUA
score (OR 4,49; 95% CI (2,25-8,94; p<0,001),
respiratory insufficiency (OR 22,6; 95% CI (7,79-
65,6; p<0,001), parenchymal involvement on

Table 4. Multivariate logistic regression model for lethality (inpatient death) risk
as calculator for evaluating underlying conditions

Factorial characteristic Units for numerical | Model coefficient, | Signifi- Odds ratio,
data/ or categorical data b+m cance, p OR (95% CI)

(Intercept) n/a 1.98015+6.45694 0.759 | 2320.00 (1.56-3440000

Age Continuous, years -0.08674+0.06626 0.191 0.917 (0.805-1.04)

Body mass index (BMI) Continuous, kg/m?2 0.11577+0.11549 0.316 1.12 (0.895-1.41)

Diabetes mellitus (DM) Yes 0.79701£1.06622 0.455 2.22(0.275-17.9)
No Referral

Hypertension Yes 0.54169+1.04757 | 0.605 | 172 (0.221-13.4)
No Referral

Cardio-vascular disease Yes 0.91526+1.81259| 0.614|  2.5(0.0715-87.2)

(CVD) No Referral
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CT, % (OR 1,04; 95% CI 1,02-1,060; p<0,001),
severity of lung damage on MSCT (pulmonary
parenchymal involvement) over 50% (OR 4,96;
95% CI 2,08-11,8; p<0,001), hypertension in
the medical history (OR 2,38; 95% CI 1,1-5,1;
p=0,026).

For calculating risk of in-patient death (IPD)
we can use formula:

pVSeVIPD: 1 /( 1+e-(1.98015--0.08674*X1+0.11577*X2+0.79701
*X3+O.54169*X4+0.91526*X5))
>

where X1 — age, years, X2 — body mass index
(BMI), kg/m?, X3 — diabetes mellitus (DM), yes —
1 score, X4 — hypertension, yes — 1 score, X5 —
Cardio-vascular disease (CVD), yes — 1 score.

Figure 2 presents the receiver operating-
characteristic (ROC) curve (AUC 0.766 95% CI
0.548 — 0.984).

In Germany, guidelines suggest hospitalisation
if the person has cardiovascular diseases (for
example, hypertension), diabetes mellitus, chronic
lung diseases, and obesity [3]. In Saudi Arabic
Republic it is also recommended in such cases:
«Clinical or radiological evidence of pneumonia;
age >65 years, low oxygen saturation SpO2
< 94% on room air, acute respiratory distress
syndrome (ARDS), chronic pulmonary disease,
chronic kidney disease, history of comorbidities

Figure 2. Area under receiver operating-
characteristic (ROC) curve AUC (95% CI)
AUC 0.766 95% CI1 0.548 — 0.984
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diabetes Mellitus or/and hypertension, history of
cardiovascular disease, obesity (BMI >40), use
of biological (immunosuppressants) medications
(e.g., TNF inhibitors, interleukin inhibitors,
anti-B cell agents), history of organ transplant or
another immunosuppression disease, history of
active malignancy, other Co-illness that requires
admission» [4]. According to Table 4, we
received that an adequate model was proposed
for predicting the risk of inpatient death. The area
under the curve is 0.766, 95% CI 0.548 — 0.984.
At the point of the threshold 0.244, sensitivity
is 87,5% and specificity 68,8% (figure 2). Even
though p-values for factorial characteristics had
low significance, the model had a high sensitivity
and satisfactory specificity. We wrote a risk
assessment calculator in Excel and a web version
using JavaScript. The Calculator for evaluating
underlying conditions https://covidcalculator.
great-site.net/?i=1 (Figure 3) is proposed as
an additional tool for decision-making. We
analysed the presence of hypertension, diabetes
mellitus and cardiovascular diseases (ischemic
heart diseases, stroke, myocardial infarction,
etc.) in medical history. We didn’t focus on
decompensation for diabetes or destabilisation of
heart diseases as in the pandemic, the presence
of SARS-CoV-2 could rapidly influence the

Figure 3. Web version of COVID-19 death risk
calculator (Calculator for evaluating underlying
conditions)
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severe course of COVID-19 which was proved in
numerous studies and clinical recommendations.

As an additional tool, we propose to assess
age, body mass index, and underlying health
conditions such as diabetes, hypertension, and
CVD in medical history. Hospitalisation could
be suggested if the person receives a positive
answer with a high score. We also found that
adding information on the severity of respiratory
insufficiency (1, 2, or 3) and absolute lymphocyte
rate and CRP could be useful for predicting the
risk of death (Table 5).

We wrote a web-version of COVID-19
Lethality Risk Calculator covidcalcl.freesite.
online. The calculator also works in Excel.
The area under the curve is 0.976, with a 95%
confidence interval (CI) of 0.951 — 1. At the
threshold point, 0.366, sensitivity is 95% and
specificity is 92,6% (Figure 4). There was a high
opportunity for death, but the patient could be
treated, and the clinical situation could change as
a laboratory parameter of inflammation. That is
why the calculator could be used with dynamically
changed characteristics as an additional tool
for clinicians in decision-making. We found the
positive influence of respiratory insufficiency and
CRP, while lymphocytes were influenced in the
opposite direction. The lower rate of lymphocytes
the higher the risk, which could be explained as a
condition of immunodeficiency.

For calculating risk of in-patient death (IPD)
we can use formula:

PV SeVIPD=1/(1+¢--6237647+2.792388*X -
4.670305*X2+04015773*X3)),

where X1 — respiratory insufficiency (1, 2 or 3),

X2 — absolute lymphocyte rate, 10°L, X3 —

C-reactive protein, mg/L.
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Figure 4. Area under receiver operating-
characteristic (ROC) curve AUC (95% CI) 0.976
95% C10.951 -1

The formula could be implemented in R and
Python as well. For example, in R, it looks like a
script, while respiratory insufficiency is 2, CRP
130 mg/L and LYM 0.89: «RI <- ¢(2); CRP
<< ¢(130); LYM<< ¢(0.89); df=data.frame (RI,
CRP, LYM); print(1/1+exp(-predict(GLM.1,
df))))». The estimated risk is low (figure 5).
The same calculation is presented in Excel
(figure 6).

The tool’s diagnostic accuracy is high at
93,5% (95% CI 87,1-97,4%), with sensitivity
of 95% (95% CI 83,1-99,4%), specificity
of 92,6% (95% CI 83,7-97,6%), positive
predictive value of 88,4% (95% CI 74,9-
96,1%), and negative predictive value of 96,9%
(95% CI 89,3-99.,6).

Table 5. Multivariate logistic regression model for inpatient death risk assessment

Factorial Units for numerical data/| Model coefficient, Significance, Odds ratio, OR
characteristic or categorical data b+m p (95% CI)

(Intercept) 0.002

n/a -6.237647+2.100308 0.00298 | (0.000032-0.12)

Respiratory 16.3

insufficiency I,20r3 2.792388+0.644297 0.0000146 (4.6-57.7)

LYM 0.00937

Continuous, 10%/L -4.670305+1.906489 0.01430 (0.0002-0.39)

CRP Continuous, mg/L 0.015773+0.006587 0.01665 1.02 (1.0-1.03)
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Figure 5. Calculator in web-version
(COVID-19 Lethality Risk Calculator
https://covidcalcl.great-site.net/?i=1).

Discussions

We studied the elderly population mainly,
and there was no significant difference in the
symptoms on admission between the groups
except dyspnoea (p=0.00697). We focused
on the relationship between COVID-19 and
patients with diabetes and/or obesity, exploring
the associated risks, outcomes, and management
strategies in depth.

Our study contributes to the growing body
of research on risk prediction models for in-
hospital death among COVID-19 patients. The
developed COVID-19 Lethality Risk Calculator
demonstrates high predictive accuracy, with an
AUC of 0.976, sensitivity of 95%, and specificity
of 92.6%. Given these performance metrics,
our tool has the potential to assist clinicians in
stratifying patient risk and optimizing resource
allocation.

The calculator can be integrated into daily
clinical practice for early risk assessment of
COVID-19 patients upon hospital admission. By
providing an individualized mortality risk score,
it enables healthcare professionals to make more
informed decisions regarding hospitalization,
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intensive care unit (ICU) admission, and early
interventions. Our findings support the use
of dynamic monitoring, particularly in cases
of respiratory insufficiency, to guide patient
management. Additionally, we propose that the
tool be adapted for other infectious diseases,
including bacterial and viral pneumonia,
where similar risk factors contribute to adverse
outcomes.

In cases of sepsis or pneumonia, where
rapid clinical deterioration is common, our
model may provide an advantage over standard
scoring systems by incorporating key laboratory
and clinical parameters such as respiratory
insufficiency, lymphocyte count, and C-reactive
protein levels. This allows for real-time updates
in prognosis based on patient condition changes.
Future studies should focus on implementing the
calculator in hospital settings and evaluating its
impact on clinical outcomes.

Strélin et al. reported results of COVID-19
hospitalization with one of the lowest mortality
rates, showing a trend in the decline of mortality
from the nationwide observational cohort study;
they used the Charlson Comorbidity Index (CCI)
for the assessment of comorbidities during the last
5 years [9]. According to Israel et al., modelling
is a valuable tool for predicting the risks of
death [5]. Krzanowska et al. studied acute kidney
injury and proposed a calculator for its prediction
in a Polish study [7]. Popescu et al. developed
prediction models for COVID-19 outcomes
in a Romanian study [8]. Machine learning
approaches have also been explored, with studies
such as the CRACoV-AKI model in Poland and
the COVID-19 outcome prediction models in
Romania, both of which utilized electronic health
records and artificial intelligence [7, 8]. While
these models offer robust predictive power, their
clinical applicability in resource-limited settings
remains a challenge. Our calculator, in contrast, is
designedtobeaccessible and interpretable, making
it practical for frontline healthcare professionals

Figure 6. Calculator COVID-19 death risk prognosis in Excel
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in Ukraine and other similar settings. We also
calculated an upgraded predicting model adding
IL-6 to the lymphocytes, CRP, and respiratory
insufficiency (area under the curve 0.974 95%
CI 0.948 — 1), but it has limitations caused by its
price and checking in dynamic is not available in
smaller regional hospitals.

The difference in hypoxemia in patients
was standardised by appropriate oxygen
supply. According to the research data from
the Switzerland, «in the absence of dyspnea
and/or confusion, a SpO. cutoff up to 85% for
ICU admission was not burdened by negative
outcomesy, but for «the SpO2 cutoff of 92%, as
a threshold for ICU admission, needs critical re-
evaluation» [10].

The hospitalization criteria used in different
countries also provide a useful comparison.
Germany and Saudi Arabia recommend hospital
admission for patients with cardiovascular
diseases, diabetes, and chronic pulmonary
conditions [3, 4]. Our model aligns with these
guidelines but further emphasizes the impor-
tance of individualized risk assessment rather
than age-based cutoffs, as younger patients with
metabolic syndrome and comorbidities exhi-
bited comparable mortality risks to elderly
individuals [6].

We proposed our tool for Ukrainian clinicians,
which could be easily interpreted in a web
version or Excel. Future research should focus on
these areas to develop more effective prevention
and treatment strategies for COVID-19 in
patients with diabetes and obesity. Public health
initiatives should also prioritize metabolic health
improvement as a key component of pandemic
preparedness and response.

Despite the strengths of our model, some
limitations must be acknowledged. First, further
validation on a larger multi-center cohort is
required. Second, the lack of comprehensive
anthropometric data limited our ability to fully
assess the role of BMI and adipose tissue in
COVID-19 severity. Third, while the calculator
demonstrates high sensitivity and specificity, it
should be used as an adjunct to clinical judgment
rather than a sole decision-making tool.

Future studies should explore the integration
of machine learning techniques to refine predictive

ISSN 2786-6661
eISSN 2786-667X

accuracy and assess long-term outcomes in post-
COVID-19 patients. Additionally, expanding the
model to include markers of metabolic instability
(e.g., HbAlc trends, inflammatory cytokines)
may enhance its utility in predicting deterioration
in patients with diabetes and obesity.

The calculator can be integrated into daily
clinical practice for early risk assessment of
COVID-19 patients upon hospital admission. By
providing an individualized mortality risk score,
it enables healthcare professionals to make more
informed decisions regarding hospitalization,
ICU admission, and early interventions. Dynamic
monitoring is particularly important, especially
for patients with progressing respiratory insuffi-
ciency (RI). Previous studies have shown that
persistent hypoxemia and elevated inflammatory
markers are associated with worsening outcomes
in hospitalized COVID-19 patients [12].

Several international models have been
developed to predict COVID-19 outcomes,
including the Charlson Comorbidity Index
(CCI), qSOFA (quick Sequential Organ Failure
Assessment), and COVID-GRAM [9, 12, 13].

Our model differs by emphasizing dynamic
laboratory markers and respiratory status rather
than a purely comorbidity-based approach.

In cases of sepsis and pneumonia, where
rapid clinical deterioration is common, our
model provides an advantage over standard
scoring systems by integrating real-time updates
in prognosis based on respiratory and laboratory
data. Traditional scores like SOFA (Sepsis-related
Organ Failure Assessment) and CURB-65 (for
pneumonia) have been widely used [11, 12],
but they often do not include markers such as
C-reactive protein (CRP) or lymphocyte count.
The addition of these parameters improves
the ability to detect progressive deterioration
in patients. In another study, we proposed
several additional tools for acute kidney injury
risk assessment (based on lymphocytes, CRP,
respiratory insufficiency and Padua score), but it
1s worth discussing in a separate article.

Ukrainian researchers Matskevych V et al.
reported the results of death risk assessment based
on durations of mechanical ventilation and face-
mask support (the sensitivity 68.3%, specificity
87.5%, 78.0% and 71.9%, respectively) [11].
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Table 6. Predicting models in COVID-19 outcomes
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Author |Country rl;);?lfi;f g(?lllgi,t Outcomes Variables ?VI[JO((:i;f
Israel A, Israel Retrospective |N = 101,039 | Development Patient risk factors, AUC =0.889
et al. Cohort Study of a COVID-19 |vaccination status
(2022) [4] severity

calculator
Krzanowska |Poland |Retrospective [N =4630 AKI in History of kidney AUC =0.798
et al. Cohort Study hospitalized disease (prior acute
(2024) [7] patients with or prevalent CKD,
COVID 19 status post kidney
transplantation),
hypertension,
circulatory failure
and / or need for
respiratory support,
selected, raised PCT,
altered neutrophil
count, and / or
elevated myoglobin
levels)
Popescu IM, | Romania | Retrospective |N =483 Prediction Clinical parameters, |AUC =0.845
et al. Cohort Study |patients; models for laboratory findings
(2023) [8] Mean COVID-19 (age, absolute
age: Not outcomes in neutrophil count,
specified resource-limited | and CRP)
hospitals
Matskevych |Ukraine |Retrospective [N =41; Morphological |Lung tissue Not specified
V, et al. Cohort Study |Patients on |prediction of structural changes,
(2023) [13] respiratory |lethal outcomes |histopathology
support
Knight M, |UK National N=427; Outcomes Demographics, Not specified
et al. Cohort Study |Pregnant in pregnant clinical features,
(2020) [14] women with | women with pregnancy outcomes
COVID-19 |COVID-19
Liang W, China Retrospective | N =1590; |Risk score Age, comorbidities, |AUC =0.88
et al. Cohort Study |Mean age: |for predicting |clinical symptoms,
(2020) [15] 48.9 years |critical illness |lab tests
Stoeckle K, |USA Retrospective |N = Not Association of | CRP, ferritin, Not specified
et al. Cohort Study |specified; inflammatory | D-dimer levels
(2022) [16] COVID-19 |markers with
patients on | outcomes
remdesivir
Garrafa E, |Italy Retrospective |N =1000; |Early prediction | Age, blood analyses, |AUC =0.91
et al. Cohort Study |Mean age: |of in-hospital chest X-ray score;
(2021) [17] Not death Machine learning
specified model
Hippisley- |UK Prospective |N=6.9 Risk prediction | Demographics, Not specified
Cox J, Cohort Study |million; after COVID-19 | clinical risk factors,
et al. Vaccinated |vaccination vaccination status
(2021) [18] adults
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Table 6. (continued)

Author |Country g?l;;f g;ﬁﬂit Outcomes Variables ‘?\}[JO%Sf
ZhuY, etal. |[China |Retrospective |N = Not Prediction Comorbidity index, |Not specified
(2023) [19] Cohort Study |specified model based on |demographics

Hospitalized | comorbidities
COVID-19
patients
Ma X, etal. |China |Retrospective |N = 523; Death Clinical symptoms, |AUC=0.92
(2020) [20] Cohort Study |Mean prediction lab findings,
age: Not model comorbidities
specified
Abdol- Iran Case-Control |N = 630; In-hospital Demographics, Not
lahpour I, Study Cases: 210; |mortality clinical features, lab | specified
et al. Controls: prediction data
(2021) [21] 420
Tang CY, USA/ Review N=4471 Overview of Various models and | Not
et al. China  |Article COVID-19 variables applicable
[22] prediction
models
Tanboga IH, | Turkey |Retrospective |N =1500; |Probability of |Clinical parameters, |AUC=0.79
et al. Cohort Study |Mean age: |death estimation |lab findings
(2021) [23] 56 years
Deschepper |Belgium |Retrospective |N = 222 Hospital Patient flow data, Not
M, et al. Observational bed capacity admission/discharge |applicable
(2021) [24] prediction rates
Hiraga K, Japan Retrospective |N = 8288; | Prediction of in- | Electronic healthcare | AUC 0.88
et al. Cohort Study | Patients hospital deaths |data, clinical and lab
(2023) [25] with parameters
COVID-19
Estiri H, USA Retrospective | N = Not Individualized |Machine learning AUC 0.91
et al. Cohort Study |specified; adverse model, healthcare
(2021) [26] COVID-19 |outcomes data
patients prediction
Natanov D, |USA/ Retrospective |N = 969; Prognosis Platelet count, lactate, | AUC 0.808
et al. Israel Cohort Study |Hospitalized | prediction based | age, blood urea
(2023) [27] COVID-19 |on early status |nitrogen, aspartate
patients (intensive care |aminotransferase,
unit admission, |and C-reactive
intubation, or | protein (PLABAC)
death) and platelet count, red
blood cell distribution
width, age, blood
urea nitrogen, lactate,
and eosinophil count
(PRABLE)
Schiaffino S, | Italy Retrospective [N =552 Outcome CT-derived muscle Not specified
et al. Cohort Study prediction using | metrics, clinical
(2021) [28] chest muscle parameters
metrics
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Table 6. (continued)

Author |Country ]gtll);;f g;;llgi,t Outcomes Variables ‘?\}[J()i;f
Gavelli F, |Italy Retrospective |N = 480; Clinical stability | Demographics, Not specified
et al. Cohort Study |COVID-19 |and in-hospital |clinical features,

(2021) [29] patients mortality lab data
prediction
(Novara
COVID score)
Vaid A, USA Retrospective |N = 6093 Acute dialysis | Clinical parameters, |Not specified
et al. Cohort Study |patients; requirement and | lab findings,
(2021) [30] Mean death prediction | comorbidities
age: Not predicting
specified treatment with
dialysis or death
at various time
horizons (1, 3,
5, and 7 days)
after hospital
admission
Shen Q, China  |Retrospective [N =4711; |Mortality risk |Hospital admission | Not specified
et al. Cohort Study |COVID-19 |prediction data (mean arterial
(2023) [31] patients pressures, ages,
C-reactive protein
tests’ values, values
of blood urea nitrogen
and their clinical
troponin values)
Booth AL, |USA Retrospective |N = 398; Prognostic Machine learning, AUC 0.93
et al. Cohort Study |COVID-19 |model for laboratory data (CRP,
(2021) [32] patients (43 |mortality blood urea nitrogen,
expired and serum calcium, serum
355 non- albumin, and lactic
expired) acid)
Antonyuk O, |Ukraine |Retrospective |N =129, In-hospital CRP, lymphocytes, AUC 0.976
Stavyskyi O. Cohort Study |mean age  |death in respiratory
79.1 (78-83) | COVID-19 insufficiency

We should think about the risk of bacterial
superinfection and sepsis in such patient cohorts,
which was based on autopsy data as well. In our
study, we did not focus on the terms of respiratory
support, but studying its influence on AKI risk
did not find a significant difference.
Furthermore, ourrisk calculator canbe adapted
for other infectious diseases, including bacterial
pneumonia, influenza, and emerging respiratory
infections, by modifying predictor variables
based on evolving evidence. Prospective studies
should assess its role in other viral pneumonia,

such as HIN1 or RSV, to determine its broader
applicability.

Conclusions

We used models to predict the risk of death.
The area under the curve is 0.976, with a 95%
confidence interval (CI) of 0.951 — 1. At the
threshold point, 0.366, sensitivity is 95%, and
specificity is 92.6%. We created a web version
of the COVID-19 lethality calculator, which also
works in Excel and could be useful for viral or
bacterial pneumonia. We propose to focus on
clinical conditions and underlying comorbidities
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in decision-making despite the absence of data on
the decompensation of diabetes mellitus, as there
was no significant difference in the level of HbAlc
in the studied groups (p=0.0662). Respiratory
insufficiency could worsen progressively, so it is
necessary to monitor clinical data. We analyzed the
presence of hypertension, diabetes mellitus, and
cardiovascular diseases (ischemic heart diseases,
stroke, myocardial infarction, etc.) in medical
history. We didn’t focus on decompensation for
diabetes or destabilization of heart diseases as
in the pandemic, the presence of SARS-CoV-2
could rapidly influence the severe course of
COVID-19, which was proved in numerous
studies and clinical recommendations. If there are
enough resources, it is advisable to hospitalize
patients with noncommunicable diseases after
assessment of risk before SpO2 rapid decline. In
the discussable cases, a calculator for evaluating
underlying conditions could be used as an
additional tool (the area under the curve is 0.766,
95% CI1 0.548 — 0.984). At the threshold of 0.244,
sensitivity is 87.5%, and specificity 68.8%. We
suggest adding information on hospital admission
criteria concerning underlying conditions rather
than age factors. As in the elderly population, we
received comparable results in risks in younger
individuals with signs of metabolic syndrome
or other non-communicable diseases. Further
study is necessary to assess BMI as in our cohort,
there was minor information on anthropological
data. For a better understanding of the influence
of adipose tissue on inflammatory laboratory
results, we should use international study data,
focus on outcomes assessment for the Ukrainian
population, and assess risk individually.

We suggest hospitalisation in patients
with pneumonia with any signs of respiratory
insufficiency in a group of risks, including
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social indications (military servicemen, patients
with severe underlying conditions or from the
social settings (homes for elderlies, passionate
or other social facilities) as early as possible.
This principle has already been implemented in
the Donetsk region in the Armed Forces since
February 2023, when the author participated in
evacuating combatants from Role 1-2 hospitals to
Role 3. According to the analysis of pneumonia
cases to improve health care quality, the Medical
Command decided to implement obligatory
urgent hospitalisation in the Military Medical
Centres without postponement. Severe risks
of rapid worsening of respiratory insufficiency
could explain this decision.

Ethical issues. On the first day of hospita-
lisation, all patients agreed to use personal
data, and the Bogomolets National Medical
University’s Ethical Committee proved the study.
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IIporHocTu4Hi MoaeJs1i pU3HKY BHYTPIlIHbOJIKAPHAHOI CMEPTHOCTI
Bix COVID-19 y 3aki1aiax 0XOpoOHH 310POB’si
SIK 10AATKOBHMI IHCTPYMEHT AJIsl IPUAHATTS pPillIeHb

AnToniok Oaenal, CraBucbkuii Onekciii?

ACHCTEHT Kadeapu TpoMaIChbKOro 310poB’ s HamioHamsHOr0 MEIMYHOTO YHIBEPCUTETY
imeHi O.0.boroMounblIis, JIiKap-TeparneBT, eHIOKPUHOJIOT, Hedposor MeTuaHOTo

HEeHTpy « YHiBepcaibHa KiiHika «O0epir», opAnHATOp KIIIHIKM TeMaToIorii

(3 manmaramu AJ1s IHTCHCUBHOT Ta XimioTeparnii) HaioHansHOTO BiiCHKOBOTO MEAMYHOTO
KJIiHIYHOTO LeHTpY «[0oBHMI BiiicbKOBHH KITIHIYHUHN rocmiTanby, Kuis, Ykpaina.

2 yuens Jlinero iHpopmariitHux TexHonorii, Onekcanapis, Kipoorpaacbka obnacts, Ykpaina
Adress for correspondence:
Antonyuk Olena

e-mail: lena.nmu@gmail.com

Anomauisn: MmumanuHameminpoananizy8amumooeni Npo2HO3Y8aAHHAPUIUKIE M A 3aNPONOHY8aAmu
HOBY MoOenb OJisl NPOSHO3Y8AHHS PUBUKIE cocnimanvHoi cmepmi. Mamepianu ma memoou. Mu
npoeenu pempocnekmugHe 00caioxcents eunadoxk-koumponvy TOB « KAIIITAJD» (Meouunuii yenmp
«Vuisepcanvna xkninika « Obepiey), wo ananizye UnaoKu coCRimanizayii NAYieHmMis 3 8adCKUM ma
nomipuum nepeoicom COVID-19 3 2020 no 2021 pix (n=129). Pezynomamu. Bcmanosneno, wo
HA pU3UK CMepmHOCmi Cymmeeo enausarome maxi gpaxmopu. eix (BLL 0,866, 95% /I 0,58-0,9;
p<0,001), abconromue cnigsionowenus nimgpoyumis (BLL 0,000144; 95% I 0,00000513-0,00407;
p<0,001), C-peaxmusnuii 6inox (BLL 1,2; 95% JI 1,010-1,030; p<0,001), arvb6ymin 6uxioHuti
(BLL 0,796, 95% /I 0,661-0,959; p<0,05), minimanvuuil arwoymin (BLL 0,716, 95% JI 0,593-
0,864; p<0,001), minimanoruii pisenv eGFR (BLL 0,951, 95% I 0,972; p<0,001), oyinka INDEX
PLRI (BLI 1,7; 95% [I 1,3-2,2; p<0,001), oyinka 3a wikanoro PADUA (BLL 4,49; 95% JII (,25-
8,94; p<0,001), ouxanena neoocmamuicms (BLL 22,6, 95% JII (7,79-65,6;, p<0,001), ypascenus
napenuximu na MCKT, % (BLL 1,04; 95% /I 1,02-1,060; p<0,001), masxckicme ypaxceHHs e2eHb
na MCKT (ypaowcenns necenesoi napenximu) nonao 50% (BLL 4,96, 95% JII 2,08-11,8; p<0,001),
einepmonis 6 anamuesi (BLL 2,38, 95% A1 1,1-5,1; p = 0,026).

Bucnosox. Mu euxopucmogyganu mooeni O0Jisi NPOSHO3V8AHHs pusuky cmepmi. Ilnowa nio
Kpuesoto oopisnioe 0,976, npu 95% oosipuomy inmepsani (/1) 0,951 — 1. ¥V nopozosiii mouyi 0,366,
uymaugicms cmanosums 95%, a cneyughiunicmo — 92,6%. Mu cmeopunu 6e6-6epcito KanvKyiamopa
nemanvuocmi COVID-19, axuii maxoowc npayroe 6 Excel i mooice Oymu kopucHum npu 8ipycHiti abo
baxkmepianvhi nneemonii. Kanvkynamop oocmynnuii 6 Inmepnemi. Mu npononyemo 30cepeoumucs
HA KAIHIYHUX CMAHAX Ma CYNYMHIX 3aX60PIOSAHHAX NPU NPUUHAMMI pilleHb U000 OOYLIbHOCMI
eocnimanizayii, He38axcaroyu Ha GIOCYMHICMb OAHUX WO000 OeKOMNeHCayii YyKpoeoz2o diabemy,
OCKLIbKU MU He 8usisuIu pizHuyi 6 epynax 3a pienem HbAlc (p=0,0662). [Juxanvna neoocmamuicmo
MOdice NO2IPuLy8amucs npozpecyrode, momy HeoOXioHo KOHMpONO8amu KaiHiuHi Oani. B anammuesi
MU NPOAHANIZY8ANU HAABHICMb 2INEPMOHIYHOI X80pobuU, YYKp06020 diabemy ma cepyeo-cyOUHHUX
3aX60pP10BAHD (iuleMiuna Xeopooba cepys, iHCyIbm, iHgpapkm miokapoa ma ix.). Mu ne akyenmyesanu
yeazcy Ha dekomneucayii diabemy uu decmadinizayii cepyesux 3ax60pro6amHb, OCKIIbKU 8 YMOBAX
nanoemii nasagnicmo SARS-CoV-2 moena weuoxo enaunymu na eadxckuii nepedie COVID-19, wo
0y10 006€0eHO YUCTEHHUMU OOCNIONCEHHAMU MA KAIHIYHUMU peKomeHOayiamu. 3a HasaeHOCmi
doCcmammix pecypcié 0oyiibHO 20CNIMAni3y8amu NAYicHmMie 3 HeiHeKYiHUMU 3aX60PIOBAHHAMU
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Nicas OYIHKU pU3UKY 00 weuoKko2o 3nuxcenns SpO2. ¥V obeosoprosanux eunaokax Kanvkyismop o
OYIHKU CYNYMHIX 3AX80PI0GAHL MOJCe OYMuU GUKOPUCTAHUL IK 000AMKOSUIL ITHCmpymMerm (niowa
nio ROC kpusoro 0.766, 95% JII 0.548 — 0.984. B mouyi siocikanus 0.244, wymaueicms cmanoeumo
87,5% i cneyughiunicms 68,8%. Mu npononyemo dooamu inghopmayiro npo kpumepii cocnimanizayii
U000 OCHOBHUX 3AXBOPI0BAHD, A He 8IKOBUX pakmopie. AK i y 1t00ell NOXUN020 iKY, MU OMPUMATU
NOPIBHAHHI pe3YIbMmamu w000 PU3UKIE Y MOLOOWUX OCIO 3 0O3HAKAMU MEMADONIYHO20 CUHOPOMY A0
iHwux Heingexyitnux 3axeoprosans. s oyinku IMT HeobXiOHi nodanvbuli 00Ci0NHCEHHA, OCKINbKU
6 Hawiill Koeopmi Oy1a He3Ha4Ha iHpopmayis npo aHmponono2iuni 0awi. s Kpawoco po3ymiHHsL
BNIUBY HCUPOBOI MKAHUHU HA Pe3VIbMamu 3andibHux 1a0opamopiil ciio 6UKOPUCMO8Y8amu OaHi
MIHCHAPOOHUX OO0CHI0NCEHD, 30CepeOUmuUcs Ha OYiHYi pe3yibmamie OJisl HAcelenHs Yxpainu ma
OYIHI08AMU PUUK THOUBIOYATILHO.

Kuo4oBi ciioBa: mosiiTHKa B OXOPOHI 37I0pOB’ s, TPOMAJIChKE 3/10pOB’ s, HEIH(MEKIiHHI XpOHIYH1
3aXBOPIOBaHHs, THEBMOHIS, JIIHIWHI MOJIEN, HaIaHHS MEIUYHOI JOITOMOTH, METa0OIIYHUN CHHAPOM.
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Caxkpolieit, aconiioBaHuii i3 3aCTOCYBAHHSIM i30TPeTHHOIHY:
KJIIHIYHUI BUNAIOK i OTVIS JIiTEPATypH
Jlxyc Mapral, Mysauk Karepuna?, [lorbomka Pycianad, Aiitya €nusasera?

' .M 1., ipodecop xkadenpu BayTpimuboi Meaumunau No2, HartioHansHui MequuHuM
yHiBepcuteT iMeH1 O. O. boromonsirs, M. KuiB, Ykpaina

2acucteHT Kadeapu BayTpimaboi meauian Ne2, HamioHaIbHUH METUYHNN YHIBEPCHTET
imeHi O. O. boromomnbist, M. Kuis, Ykpaina

3 pesmaronoriune Bigainenns, KHIT «Cesto-MuxaiiniBcbka kiiHiuHa JikapHs M.KueBay, Yipaina

4 ctynenTtka 2 MenuuHOro (akysprety, HamioHanpbHUNA MEMYHHIA YHIBEPCUTET
imeni O. O. boromonbiis, M. Kuis, Ykpaina
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Anomauyia: i3ompemuHoin € epekmugHuUM 3aco000M 05 NIKY8AHHA MANCKUX DOPM 36UUALIHO2O0
akHe, npome U020 3ACMOCYB8AHHI MOMHCE CYNPOBOONCYBAMUCA PIOKICHUMU NOOIYHUMU eekmamu 3
OOKY ONOpPHO-PYX08020 anapamy, 30Kpema cakpoineimom. Y cmammi npeocmagneno KiiHiuHUil
BUNAOOK PO3GUMKY 0B0DIYHO20 CAKpoileimy, I[HOYKOBAHO20 3ACMOCYBAHHAM [30MPEMUHOIHY
HLA-B27-no3umuenoi nayienmxu. Ilpogedeno 020 nimepamypu w000 4acmomu po3sumky yb0o2o
VCKIIAOHEHHS, NAMO2eHeMUYHUX MeXaHizMie, nepedicy 3axX80pI06aAHHs Ma MPUBANOCMI PeMicii nicisa
giominu npenapamy. Pozenauymo ponv imyHonociunux @axkmopis, 30Kkpema OANaHCy YUMOKIHIG,
akxmusHocmi mampuxcruux memanonpomeinas (MMII), a maxoxc ecenemuynux wunnuxie (HLA-B27),
V PO36UMKY YpadxceHb Cyenobie Ha ¢oui mepanii izompemunoinom. Buznaueno, wo cakpoineim
Hauuacmiwle SUHUKAE Yy Nepuli Micayi NIKY8aHHs, 30e0iNbUl020 MAae 360pOmMHUL nepedie Ricis
BIOMIHU npenapamy, aie y O0esaKux 8UNAaoKax mModxce HAOYMU XpOHIUHO20 Xapaxmepy, nompeodyrouu
mpusanoi mepanii HecmepoioHUMU NPOMUZANATLHUMU 3acobamu ado IHuuMU npenapamamu. Ananiz
OMPUMAHUX OAHUX NIOKPECTIOE BANCIUBICTING MINCOUCYUNTIHAPHO20 NIOX00Y 00 8e0eHHs nayieHmis,
AKI OMPUMYIOMb CUCTMEMHI pemuHoiou, ocoOnugo mux, wo Maioms 2eHemuyHy CXUTbHICMb, 0/
CBO€UACHOT 0IA2HOCMUKY MA ONMUMIZAYLT TIKYBAHHSL.

KuarouoBi cjioBa: cakpoineitT, i30TpeTHHOTH, MAaTPUKCHI MeETaJIompoTeiHa3w, 3BUYAHE akHe,
3aXBOPIOBAHHS OMIOPHO-PYXOBOTO arapary.

Beryn Teparnii BUITaJIKiB aKHE, po3aliea, a TAaKOXK 1HIITNX
[3orpetnnoin  (13-muc-peTHHOEBAa KHUCIO-  3aXBOPIOBaHb MIKipH [1].
Ta) — II€ TOXiHA PETUHOIMIB, KA OTPUMYETHCS HesBaxkaroum Ha BHCOKY €(EKTHUBHICTH,

BHACII/IOK XIMIYHMX MEPETBOPEHb. [30TPETUHO-  i30TPETHHOTH Ma€ IIUPOKHU CHEKTP MOOIYHMX
iH aKTMBHO BUKOPHUCTOBYETbCS JAepMarosioramu  edekriB. HaifuacTime peecTpyloTh HIKipHO-
JUISL TIKyBaHHSI BaXKKUX (OpPM akHe, CTIMKUX O  cimM30B1 peakiii, nmpore npubmmzHo 49,5% mna-
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IIE€HTIB BiJ3HAYAIOTh YCKJIQJAHEHHS 3 OOKY
OIIOPHO-PYXOBOT'O amapary, Taki SK apTpajrii,
MiaJITii, TIMepoCcTo3, €Te30Maris, apTPUT, CaKpo-
u1eiT, excTpacniHaiubHi Kanbuudikatu [2]. Yac-
TOTa CaKpoOUIeiTy cepen MaIi€eHTIB 31 CKapramu
Ha 3anaJbHUR OUb y CHHMHI CTaHOBHUTH 2,4—
11,7% [3, 4].

Cakpoineitr, acoumiioBaHHW 13 TNPHIAOMOM
130TPETHUHOTHY, 371eOUTBIIIOr0 Ma€e 3BOPOTHUH Xa-
pakTep 1 3HUKA€E MICIsI MPUIUHEHHS JIIKyBaHHS.
OnHak y AEsIKMX BHUIAJAKaX CUMITOMHU MOXYTb
30epirarucsi, BAMararoud TPUBAJIOl Teparii He-
CTEpOiTHUMHM MPOTH3ANaJIbHUMHU MpenapaTamu
(HII3II) a6o xBopoOoMonuQpikyroOuuMH aHTH-
peBMaTUYHUMMU npenaparamu [1, 5]

MexaHi3MH PO3BUTKY CaKpOLIEiTy 3ayuIia-
IOTbCSI OCTATOYHO HE 3 ’ACOBaHUMH. 30Kpema,
WMOBIPHO, BOHHU IIOB’S13aHI 3 IMYHOMOYIIIO-
IOYOI0 [II€I0 130TPETHUHOIHY, AaKTHBAIIE€I0 3a-
NajJbHUX IUTOKIHIB Ta MOPYIIEHHSIM PeryJsiii
MaTpukcHuUX Metanomnporeinaz (MMII), ski Bi-
JITPalOTh KIOYOBY POJIb Y MIATPUMII MTO3AKITI-
TUHHOT'O MaTpukcy [6, 7].

VY it poOoTi HaBeACHO KIIIHIYHUI BUIMATOK
PO3BHUTKY JABOOIYHOTO Cakpounieity y mononoi
MAIieHTKU Ha (OHI JIKyBaHHS 130TPETHHOTHOM,
a TaKOXK MPOBEJCHO aHaJli3 JOCTYIHO] JIiTepary-
PY U1l BUBYCHHS ITaTOT€HERY, YACTOTH, Mepediry
Ta TPUBAJIOCTI peMICIi [bOTO YCKJIaHEHHS.

Mera

Ha ocHOBI KIIHIYHOTO BHITAJIKy OIHMCATH
PO3BHTOK JIBOOIYHOTO CaKpOLIEiTy 1HIYKOBa-
HOTO CUCTEMHHUMH PETHUHOIJaMM, NMPOBECTH OT-
JSI1 TITEpaTypH 100 YacTOTU PO3BUTKY LIbOTO
CTaHy, MEXaHi3MiB MaToreHesy, nepediry 3axBo-
PIOBaHHS Ta TPUBAJIOCTI peMicii micis BiIMIHU
i30TpeTnHOIHY. OLIHUTH PONb IMYHHUX 3MiH,
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B3aeM03B 30K 3 HLA-B27 Ta puszuku po3BUT-
Ky CakpoineiTy Ha (OoHi JIKyBaHHS CHCTEMHUMU
PETHHOIJTaMU y MALIE€HTIB 13 FEHETUYHOIO CXUJIb-
HICTIO.

Marepiaau Ta MeTOIH

AHami3 JiTepaTypd NPOBOIMBCA BKJIIOUHO
10 2024 poky 3a pe3ynbTaTamu MOLIYKY Scopus,
Web of Science, PubMed. IlomykoBi 3amu-
TH BKJIIOYAJHM Pi3HI TEPMIHU Ta X MOEIHAHHS:
«130TPETUHOIH», «CAKPOLIEIT», «MAaTPUKCHI Me-
TAJIONPOTEiHA3N», «3BUYanHE akHey». Kpwure-
pisSiMH BKJIIOYEHHSI Oyl CTarTi, SIKi JOCTYITHI
JUISL IEperIsay B HOBHOMY 00’ €Mi, OITyOJ1iKOBaH1
aHIIINCHKOI0 MOBOIO Ta BiAIOBINAIOTHL METI Ha-
o1 po6oTH.

Ha mepmomy erami momryky ineHTHdikoBa-
HO 86 miTepaTypHUX [Kepen OmyOliKOBaHUX
AHIIIHCHKOI0 MOBOIO. 3a pe3yibTaToM aHalizy,
3 JTOCIHIJDKCHHSI BHKJIIOUEHHS 65 myOmikariid, a
came: 40 omy0IiKOBaHO TUTEKH pe3tome, 12 myo-
JILOBAHMX OOCIIMKEHDb, 13 JOCIIIKEHb HE Bil-
noBianu Meti. Y (iHaIbHUI aHaIi3 BKIIOYEHO
21 nocmimxenns (quB.puc.l).

[Iporonyemo Bamniii yBa3i KIIHIYHHN BHIIa-
JIOK PO3BUTKY JBOOIYHOTO CaKpOULIeiTy y marfi-
€HTKH MOJIOJIOTO BiKYy Ha ()OHI JTIKyBaHHS 130Tpe-
TUHOTHOM aKHE Ba)KKOTO CTYTICHIO.

Onuc KJIIHIYHOr0 BUNIAAKY

XBopa €, 2004 poxy HapOIKEHHd, IO-
CTyNWJa JO PEBMATOJOTIYHE  BiIIICHHS
KHIT «Csaro-MuxaitniBchkoi KITiHIYHOI JIIKapHi
M.KueBay 3i ckapramu Ha 00J1i B TIOTIEPEKOBOMY
BIAUTL XpeOTa, K1l TypOyIOTh NepeBakHO BHOU1
Ta BpaHIli, 3HUKAIOTh BIPOJIOBK TOJMHU MICI]A
He3HauyHUX (I3UYHUX BMpaB, OUTb Yy CITHUIHHUX
JIISTHKAX 3 1ppajialli€ro y HIDKHI KiHIIBKH, 0011
B [IPABOMY aX1JJIOBOMY CYXOXKHUJIKY.

[Momyk y 6a3ax Scopus, Web of Science, MEDLINE/PubMed
1o 2024 poky 3a KIFOYOBUMHE cioBaMH. [neHTr(]iKOBaHO 86 HOCTIIKEHB

Buxkiroueno

A
Bussneno 74 crarTi, ki He TyOIOBaIHCh ‘

Buxkiroueno

12 mybnpoBaHUX cTareit

\]

— 40 abctpaxTiB ab0 OITyOmiKOBaHO

A
Bussneno 21 crarTio:
— 11 kniHIYHUX BUIIAAKIB
— 10 niTeparypHuX ODJIsAIB

\J

HE aHIIIHCHKOIO MOBOIO
— 13 mociimKeHs He BiAOBigamu MeTi

Puc. 1. Briok-cxema cTparerii MOMyKy Orfsiay
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VY motomy 2024 poky maii€HTKa po3nodana
JIKYBaHHS y JIIKaps-IepMaToliora y 3B’ 13Ky 3 akHe
BA)KKOTO cTyIeHs. BpaxoBytoun Hee()eKTUBHICTb
NOTePeAHbOI MicLieBOi Teparii, 0ys10 IpU3HAYEHO
130TpeTHHOIH B 1031 24 Mr. Yepes miBropa mics-
15 IPUIOMY 130TpeTHHOIHY B KBiTHI 2024 poky
y MAaIi€HTKY 3’ IBIJIUCH 00JTi B CIIHUYHUX JIJISH-
Kax, 10 TypOyBalli B CTaHi CIIOKOIO Ta ippaii-
IOBAJIM Y HIDKHI KIHI[IBKHA. 32 PEKOMEHIAIISIMH
JiKaps-aepMaroyiora Jo03a 130TpeTHHOIHY Oyra
3MEHIIEHA 10 8 MI' Ta MPHU3HAYEHO IMiPOKCHUKAM
(bpexkcin) y mo31 20 mr. CtaH MamieHTKH M0
MOKpAIUBCs, O0JIILOBUI CUHAPOM 3MEHIIMBCS. B
#oBTHI 2024 poky 3BepHyJach 10 peBMArojora,
BPaxXOBYIOUHU 30€peKeHHs O0IBbOBOTO CHHIIPOMY,
IICJIst HETPUBAJIOTO TPUHOMY HECTEPOIIHUX MPO-
TH3anajbHUX npenaparis. Ilpu ol BUABICHO
MO3UTUBHUIA cuMIiToM KyiieneBcbkoro, cCHMITOM
[loGepa 6 cM, 6OIBOBHI CHHAPOM 32 Bi3yaJIbHO
aHasiorosoto mkanor (BAII) cranoBus 30 M.
I3 cimeiiHoro anamHe3y BiZJOMO, 110 y OaTbka
HIKIpHUH 1Icopia3 Ta TpuBaii Ooii B cniuHi. [Ipu
nabopaTropHOMY OOCTEKEHHI y 3arajlbHOMy aHa-
131 KpoBi BUsiBJIeHI o3Haku aHeMii: Hb 113 r/m,
MCV 81,2 ¢n, MCH 25,2 nr, MCHC 310 1/7,
epurporuta 4,5x10%12, ta migsumene LIOE
10 36 mm/roa. 3a naHUMH O10XIMIYHOTO aHAJI3y
KpOBI BUSIBJIEHO MiJBUIICHUI piBeHb (HiOpUHO-
reny 455 mr/mn, onnak C-peakTUBHHI NPOTEiH
B MeXax HOpMH — 3,94 mr/n. Y nauieHTkH OyInno
BUSIBIIGHO aHTHreH rictocymicHocti HLA-B27.
3a IaHUMH MarHiTHO-pe30HAaHCHOI ToMorpadii
(MPT) 31yXBUHHO-KPUXKOBUX CIIOJIy4E€Hb BUSIB-
neHo nudy3H1 IISHKA HAOPSKY B JIaTepajbHUX
Macax KpHXKIB CYOXOHIpajbHO, B 3AYyXBHHHHUX
kicTkax (B pexumi STIR), cyrmo6osa miinuHa He
3BY)K€HA, y TMOPOXKHHHI 3yXBUHHO-KPHUXKOBUX
34JIEHyBaHb — BUIIIT Y HEBEIHUKIN KUTBKOCTI, IO
BianmoBigano MP-o3Hakam [BOOIYHOTO Cakpo-
ineity (axTuBHa (a3za).

Bukonano MPT nomnepeko-KpH:KoBOTo Bij-
niry xpeOTa, J1e Bi3yasli30BaHO O3HAKH JIeTeHe-
paTUBHUX 3MiH TONEPEKOBOTO BiaiTy XpeoOra,
npotpy3ist L4-L5 mixxpeOueBoro aucky. 3a aa-
HuMu MPT KynbioBux cyrio0iB BUSIBIEHO 03-
HaKH JIBOOIYHOTO CHHOBITY, IOYaTKOBUX JIETCHE-
paTUBHUX 3MiH KYJIBIIOBUX CYIJIOOIB.

Bpaxoyroun kputepii ASAS 2011 poky:
3anajibHUM O11b B TIONIEPEKOBOMY BiJIIII1 Xpeo-
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Ta, CIIHUYHUX JTUITHKAX 3 1ippaaialic€ro y HIX-
Hi KIHI[IBKH, HAsBHICTh CHTE3UTY, TO3UTHBHUN
anturen HLA-B27, MP-o3Haku IBOOIYHOIrO
CaKpOUIeiTy Ta HasBHICTh OOTSKEHOTO CiMei-
HOTO aHaMHe3y OyB BCTAaHOBJICHMM JiarHos
aKCiaJIbHOTO CHOHAWIITY. B sikocTi Tepamii
nepIoi JiHil nanieHTHi OyJ0 MpU3HAYeHO He-
cTepoinHi nporuzananbHi npemnapatu (HIT3IT)
y TIOBHIA TEpameBTUYHIN 7031 TepMiHOM Ha
4-8 TmxHiB. Takox, pa3oM 3 JIepMaTOJIOrOM,
MPUNHATO PIIIEHHS PO BIAMIHY 130TPETHHOI-
HY y 3B’SI3Ky 3 3aKIHUCHHSIM KypCy JIIKyBaHHS
Ta HasBHOCTI MOOIYHKMX edeKTiB Ha (PoHI mpH-
oMy mpemnapary.

Yepes 4OTUPH THIKHI IMICIS BIAMIHU 130Tpe-
TUHOTHY Ta 3aCTOCYBaHHS HECTEPOIAHUX MPOTH-
3amajbHUX TMpenapariB y Mali€HTKH BiA3HAYEHO
3HAYHE MMOKPAIEHHS CTaHy, 30KpeMa 3HUKHCHHS
00JIbOBOTO CHHAPOMY B TOIEPEKOBOMY BiaIimi
xpebTta. 3 oIy Ha MO3WTHBHY KIIHIYHY JU-
Hamiky Ha T Tepamii HII3II, 6yno mposeneHo
KOHTPOJIb PIBHS MapKepiB CUCTEMHOIO 3arajeH-
Hs (mBUAKICTh ocimanHs eputporuTis (ILLIOE)
Ta C-peakTUBHOTO O1JIKa), pe3yJIbTaTH SKOTO 3a-
CBITYMJIM HOpMaJIi3alliio 1uX noka3HuKkiB. [larri-
€HTL PEKOMEHJIOBAHO MOJAJIbIIE JAUCIaHCEpHE
CIOCTEPEKEHHS Y PEeBMAToJIora.

Oo0rosopennsn

I30TpeTHOIH — L€ CUCTEMHUM Ipenapar,
10 BUKOPHCTOBYETHCS ISl JIIKYBaHHS CKJIAJ-
HUX 1 CTINKHMX THUIIIB 3BHYaiHOTO akHe. B mite-
patypi omucaHo Gararo moOIYHHX €(eKTiB MpHu
3aCTOCYBaHHI 130TPETUHOIHY, SKI HalJacTilie
CTOCYIOTBCSl CIIM30BHX OOOJIOHOK, IIKIpU Ta
onopHo-pyxoBoi cucremu [3, 4, 8-10]. Cepen
HETaTUBHUX TMPOSBIB 3 OOKY OMOPHO-PYXOBOTO
arapary MOXYTb CHiocTepiratucs Oijb y cymio-
0ax, pabmomioni3, TiMEpOCTO3, OCTEONI3, Kalb-
U QiKaIiro 3B’ 130K Ta BaCKyiT [5].

Baykal Selcuk et al. (2017) BuB4asii moGiguHi1
e(deKTH 31 CTOPOHU ONOPHO-PYXOBOIO arapary,
30KpeMa MpOSIBU CaKpOUIEITY y MAalll€HTIB, LIO0
MpUMaIN 130TPETUHOTH JJI JIIKYBaHHS cepe-
HBOTO a00 BaXXKOTO akHe. B mocmimkeHH] npwH-
iMano ydactb 73 mMali€eHTH Ta BUSBJICHO, IO
37 mnanientiB (50,7%) BiguyBamu cia0KiCTh,
31 (42,5%) — wmianrito, a 36 (49,3%) — Oinb y
HWKHIN vactuHi cimau. Y 16 (21,9%) 3 mux
36 mamienTiB OUTb y CHMHI MaB 3alaJbHUN Xa-
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pakrep, 1y 6 (8,2%) 13 HMX HiarHOCTOBaHMi
cakpoineit 3a qonomororo MPT [8].

B inmomy gocmimkenHi cepen 94 mailieHris,
SK1 MIPUIMaIK 130TPETUHOTH, apTpasris BiJ3Ha-
qanack y 47,9%, mianris —y 53,2%, O11b y HUXK-
Hilt yacTuHi ciuau — y 70,2%. Caxpoineit Bu-
sBiieHo y 11,7% marnieHTiB, a TCHAUHOMATIIO — Y
4,3%. Cepen marieHTiB i3 6osieM y criiwai 37,8%
Maiy 3amajbHui O11b, 62,2% — MeXaHIYHMI.
VY 11 namieHTiB 13 3anajJibHUM 00JIEM Y CITUHI BU-
SIBIICHO HAOPSK KICTKOBOTO MO3KY CaKpoijieab-
HUX crnojydyeHb 3a qanumu MPT. BoaHouac He
BCTaHOBJICHO 3HAYHOTO 3B’SI3KY MK KyMYJISITUB-
HOIO /103010 Npenapary, TPUBAIICTIO JIIKyBaHHSA
4H IHTEHCUBHICTIO 6010 3a mKanoo BAIII 3 mo-
kazuukamu [1IOE Ta CPb (p > 0,05) [3].

Y nepexpecHomy nociimpkenHi cepen 113 ma-
IIE€HTIB 13 aKHE, K1 MPUHMAaIIH 130TPETUHOTH T10-
HaJl TpU MicsIli, Oysio BusiBiieHO, 1o 54% marii-
€HTIB BIIUyBaJIM MIISBICTh, 41,6% — Mmiainrito, a
46,9% — 61n1b y HUXKHIN yacTuHi cninau. Cepen
BHMAJKIB 0010 B criuHi 54,7% Oynu 3ananpHU-
Mu, 45,3% — MexaHIYHUMU; y 5 TaIi€eHTIB Aia-
THOCTOBAHO cakpoineit 3a ganumu MPT [9].

B iHIIOMYy MepcneKTUBHOMY KOHTPOJIbOBA-
HOMY JIOCHI/DKEHHI TPEACTaBICHO pe3yJbTaTH
CTIIOCTEPEKEHHS 32 TMAIlieHTaMH, SIKi OTPUMYBa-
M CUCTEMHE JIIKyBaHHS (130TPETHHOIH 1 TeT-
PalMKIIIH) JJI JIIKyBaHHS 3BUYaHOTO akHe. B
rpymi 130TpeTUHOIHY OyIo 42 MalieHTH, a B Ipy-
Il TETpaUKIiny — 32 namieHTu. Bripomox mep-
ioro Micss TikyBanHa y 6 (14,28%) maiiieHTiB
TpynH 130TPETHHOIHY PO3BUHYBCS 3amalbHUN
OlTb y HIKHIM YacTUHI CIIMHU, TOAL K y IpyIi
TETPALMKIIIHY Y OIHOTO MAallieHTa He BUsBIIC-
HO CHUMITOMIB criOHAMI0apTpuTy. Kpim Toro, y
TpyIIi i30TPETHHOTHY Y TPHOX MAIli€HTIB BUsBIIC-
HO €HTE3UT aXiJUIOBOTO CYXOXKHIIKY, & B OJHOTO
MalieHTa OJIHOYaCHO CIOCTEpIraBcsl aXuIJIOBHMA
€HTE3UT Ta OJIHOCTOPOHHIN cakpoineit. XKoneH 3
JOCITIDKEHUX TAIiEHTIB He OyB MO3UTHUBHUM 3a
aHTUTeHoM rictocymicHocti HLA-B27 [4].

VY npochimkeHHI npoaHamizyBainu 59 mari-
€HTIB, SKI Malld 3alaJibHUA OUTh y TIOTEpeKy
HIiCHIs IPUHOMY 130TpeTUHOiHy. Binmpmricts ma-
mieHTiB (79,7%) Oymu xinkamwu, a 93,2% npu-
WManu mnpenapar [Uisl JIIKyBaHHS 3BHYailHOTO
akue. Y 76,3% mnami€eHTiB CHMIITOMH 3’ SIBHJIH-
Cs B TIEpIIl TPU MICSAII JIIKyBaHHs. 3a JaHUMU
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MPT, y 79,7% mnalieHTiB BUSABWIM IBOOIYHUNA
cakpoineir, ay 16,9% — onno6iununii. HLA-B27
OyB HeraTuBHUM Y 72,9% mnariieHTiB. [lokazHuk
BASDAI, mo BimoOpakae akTHUBHICTH 3aXBO-
proBaHHs, 3HM3UBCS 3 5,46 no 2,46 uepe3 Tpu
MICSIIIl MiCTs MPUIMHEHHS NMPUHOMY 130TpeTH-
HoiHy, Bukopuctanas HII3II ta 3ansate dizuy-
HUMU BIpaBaMu. Y MOHA]] TIOJIOBUHU TAII€HTIB
(55,9%) MPT-06cTex)eHHsT HOpMali3yBaiocs,
onHak y 8,5% po3BHHYBCS XPOHIYHHUH Cakpoi-
neit [11].

TakuM yuHOM, IPUHOM 130TPETHHOIHY MOXKE
CIIPUYMHATH 3anajdbHUN OUTh y TIOTEPEKy Ta
CaKpoLJIeiT, 0COOIMBO HA paHHIX eTamax JKy-
BaHHS, MPOTE OUIBIIICTh MAI[IEHTIB IEMOHCTPY-
I0Th TIO3UTHUBHY AWHAMIKY TICI TPUIIUHEHHS
Tepamii.

AmHaimi3 KIHIYHHUX BHUIIAAKIB, IIOB’SI3aHHUX
13 BHUKOPUCTaHHAM 130TPETUHOIHY, BHSBISE SIK
CIUTBHI, TaK 1 BIIMIHHI PUCH, K1 JOIIOMArarTh
3pO3yMITH MOXKJIMBI MEXaHI13MH MOTO BIUIUBY Ha
OTIOPHO-PYXOBY cucteMy [5-7, 12-19]. Jlani y3a-
rajgpHeHi B Tabmmrd 1.

Cepen OCHOBHUX CHUIBHUX XapaKTEPUCTUK
CIiJI BUILTUTH, 1[0 CUMIITOMH CaKpoiIeiTy abo
CIIOHJTMJIOAPTPUTY 3a3BUYAll BUHUKAIOTH MiCIs
MOYaTKy Tepamii i30TpeTHMHOTHOM. Y OuIbILO-
CTl BUNAJKIB 1€ BiOyBa€ThCs y MepIr Mics-
i JTiKyBaHHs. Hampukmnan, y JOCTiIKEHHSX,
npoBenennx Karadag et al. (2020) ta Pehlivan
et al. (2011), cuMnTOMHU TIPOSIBISUIUCS B MEXkKaxX
2—6 TWKHIB MICIIA TOYaTKy MPUHOMY IIpernapary.
OCHOBHMMH CUMIITOMAaMH, SIK1 OTIMCYBaJIX TaITli-
€HTH, Oyu Oib Y HWDKHIW YaCTHHI CIIMHH, IO
ippazitoBaB y cigHHII a0 CTerHa, paHKOBa CKY-
TICTb 1 3HWKEHHS pyXauBocTi [14, 19].

JliarHo3 cakpoineity 3a3BUuail MiaTBEPIKY-
BaBcs 3a gonomororo MPT, ska nemoHcTpyBa-
Ja O3HaKW 3allajieHHs CaKpOUIealbHUX CYTIIO-
0iB, Taki K HaOpSAK KICTKOBOTO MO3KY, €po3ii
Ta CHHOBIIT. Ba)KIMBO 3a3HAYMTH, 110 BUSBIICHI
BUIAJKNA HE IMOKAa3ajy YITKOI 3aJIe)KHOCTI MIXK
JI03010 TIpenapary Ta PO3BUTKOM CHMIITOMIB —
BOHH CIIOCTEpITraiucs SK Ha CTaHIApTHUX, TaK 1
Ha HU3BKHUX J03ax i30TpetuHoiny [18, 19]. 3a-
3BHYall CHMIITOMU IOCTYTOBO 3HUKAIU TICIA
NOPUIIMHEHHS Teparii, 0 CBIAYUTH IPO MOXK-
JTUBUY MIPUYUHHO-HACTIIKOBUH 3B’s130K [3, 4, 7,
14, 19]. V narjiedrtiB Takox 3a3BU4Yail HEe OyI0
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Ta6auus 1. XapakrepucTrka KIIHIYHIX BUTIAJIKIB 130TPETHHOTH-1HIYKOBAaHOTO CaKpOLJIeiTy

i 2z 5y =
- S= |2 5 s> .
ABTOp, piK S| = Crartsp g( E|le8F Cxapru < B2 JlikyBaHHs
A &l g8 = = gz
= ) © < -
<z a2 |7 =
Aydog 9 | 16-44 |7 xinox/ |25-50 |1-7 bins B Hokuii | 4 + | MPT: HII3II,
et al. 2 YOIOBIKH | MI/1T MICSIIB | 4acTHHI 5 - |HabpsK cynbdaca-
(2018) [5] CIIUHH, O1Th KICTKOBOTO |J1a3MH,
B KYJIBIIIOBHX MO3KY MPEeAHI307I0H
cyrinobax
Ta CIAHHLISAX
Miilkoglu 1 26 |xiHO4YA 40 3 poxu |Bine B HUKkHIA | — |MPT: [MTapaneramon
& Nacir MI/n1 YACTHHI CITHHH, CKJIEPO3 Ta
(2020) [6] MPaBOMY CTETHI epo3ii
Cakir 1 25 |gomomiua [20-40 |3 micsui |Binb B criuHi, — |MPT: NA
et al. Mmr/n KyJBIIOBHX HaOpSK
(2014) [12] cyrinooax, KICTKOBOTO
nmapecTesis MO3KY
KHCTEN
Yilmazer 1 20 |xiHO4YA 30-40 |3 micsaui | Aprpadrii, + |MPT: Juxnodenaxk,
et al. MI/ 1 Mianrii HaOpsIK MPEHI307I0H
(2013) [13] KiCTKOBOTO
MO3KY
Karadag 4 | 15-17 |gomopiua |20-40 |3-6 binb — |MPT: InmomerarvH,
et al. MI/ TIXKHIB | B KYJbIIOBUX HaOpsIK cynbdacana-
(2020) [14] cyrnobax KICTKOBOTO |3HH,
MO3KY amaxiMymao,
METOTpeKcar
Levinson 1 17 |dgomomiwa |20-40 |3 micsmi |binb B HWXHIE | — |MPT: Hampokcen
et al. MT/1T JaCTHHI CITUHU HaOpsIK
(2012) [7] KICTKOBOTO
MO3KY
Dinger 3 | 18-25 |1 xinka/ | 15-25 |3 micsmi- | bine B HmxHi | 2- |[MPT: HII3IT
et al. 2 YONOBIKH | MI/1T 2 poku |4YacTuHi cnuHH | 1+ |HAOpsK
(2008) [15] KiCTKOBOTO
MO3KY
Kocak 11 | 16-37 |8 xinox/  [30-40 |[1-3 binb — |MPT: HIT3IT
et al. 3 4ONOBIKM | MI/ MicsIi | B KYJbIIOBUX HaOpsIK
(2017) [17] cyrinobax KiCTKOBOTO
MO3KY
Kavadar 2 (36 Kinoua 60-120 (2,5-5 binb B Huokuit | — |MPT: Hamnpoxkcen,
et al. 21 qoJoBiua | Mr/ng MICSIIB |YaCTHHI CIIMHHU HaOPSIK UKo eHaK
(2015) [18] Ta KYJBIIIOBUX KICTKOBOTO
cyrmobax MO3KY
Gokbel 1 |26 JKinoua 30 mr/m | 8 TwokHiB | bink B HWkHIA | — |MPT: Cynn(aca-
et al. YaCTHHI CIIMHU HaOpSIK na3uH, HII3I1
(2021) [16] KICTKOBOTO
MO3KY
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35

MOTIEPEIHIX PEBMATOJIOTIYHUX 3aXBOPIOBAHb,
110 BUKJIOYA€E BIUIMB CYMYTHIX XPOHIYHUX XBO-
pob [4, 18]

PazoMm i3 MM y KIIHIYHHUX BUTNAAKaX CIIO-
CTepiraroTbcs MEBHI BiAMiHHOCTI. Hampuknan,
y manienta, onucanoro Miilkoglu et al. (2020),
XPOHIYHUH CAaKPOLIEIT 3aJIUIIaBCs HEA1arHOCTO-
BaHUM IPOTIATOM TPHOX POKIB IICIISI 3aBEPILCH-
Hs Tepamii [6]. Jleski BHIagku CympoOBOKY-
BaJIMCS IHIIMMH YCKIJIQIHEHHSMH, HAIPHUKIIA],
noiHerpomnariero [12]. V Toi yac sk OUTBIIICTh
BHUMAJKIB CTOCYBAJIHMCS JOPOCIUX TMAIll€HTIB,
HaBeJICHa cepis BUMAAKIB cepea MiNTKIB Mij-
KpEeCIio€ IIMPOKUN BIKOBUM CIIEKTP BILIUBY
npenapary [ 14].

Pouab iMyHHHUX 3MiH HA (OHI JIKYBAHHA

CHCTEMHHMMH PEeTHHOIIAMH

MOXITUBY KOPEJIALII0 MK BUKOPHCTAHHSAM
130TPETHUHOIHY Ta PO3BUTKOM CaKpoOilIeiTy MOX-
Ha TIOSICHUTH KUIbKOMa YHMHHUKaMHU. [CHYIOTBH
MPUITYIICHHS, IO 130TPETUHOIH BIUTUBAE Ha
IMyHOMOZYJISILIIIO Yepe3 KUIbKa MEXaHi3MiB, 30-
KpeMa uepe3 3MiHy OallaHCy IUTOKIHIB. [30Tpe-
TUHOIH Mae e(eKTH, MOMAIOHI 10 JETEpreHTa,
Ta BUKJIMKA€E 3MiHU B CTPYKTypax JIi30COMalb-
HUX MeMOpaH, 10 MPU3BOAUTH N0 JIereHeparii
CHHOBiIbHUX KmiTHH [15]. MaTrpukcHi Mera-
nomnporeiHazu (MMII), 3okpema MMII-2 Ta
MMII-9, € pepmenTamMu, 110 pyHHYIOTh KOMIIO-
HEHTH MO3aKJIITUHHOTO MaTPHUKCY, 1 BIAIrparoTh
BaXXJIUBY POJIb Y PO3BUTKY 3alajibHUX 3aXBOPIO-
BaHb cyro6iB. Bimomo, mo MMII, aktuBoBaHi
Mpo3anajbHUMHA LUTOKIHAMH, CHPUYHHSIIOTH
pYHHYBaHHS MO3aKJIITHHHOTO MAaTpPUKCy TIPH
peBMaroigHomy aptpuTti [20]. Perunon ta pe-
TUHO€BA KHUCIIOTA 371aTHI CTUMYJIIOBATH aKTHB-
HicTh MMII-2. Sk moxiHe PETHHOEBOT KUCIIO-

TH, 130TPETHHOIH MOXke akTuByBatm MMII-2,
10 MPU3BOIUTH JI0 TMOIIKOMKEHHS MeMOpaH y
Cyro0ax Ta CIpUsie PO3BUTKY 3aMalbHUX MPO-
necis [21].

B3aemo3p’si3ok 3 HLA-B27 Ta pusnkn

PO3BHTKY cakpoineity Ha ¢oHi

JiKyBaHHS CHCTEMHHMMH PeTHHOIAaMH

[HIIMM BaXJIMBUM acCHEKTOM € IIOTEHIMIH-
Ha TCHETUYHA CXHWJIBbHICTh, 30KpeMa HAasBHICTh
HLA-B27 y nesxux mari€HTiB, IO MOXE Mij-
BUIIYBAaTH X PHU3HUK PO3BHUTKY CIOHIMIOAP-
TPUTY. 3B’SI30K MIXK TI'€HOM TICTOCYMICHOCTI
HLA-B27 i cakpoineiToM y MaIfi€HTiB, K1 OT-
pUMYBaJM 130TPETHUHOIH, BUBYABCS B Oararbox
JOCIIDKEHHAX 1 KIIHIYHAX BUITaJKaX. Y JOCII-
JOKEHHSIX omucaHo 13 BUMAIKIB CakpoineiTy,
NO3UTUBHUI TeH TricrocyMicHocti HLA-B27
OyJs10 BUSIBJICHO TUIBKM Yy 6 Malli€HTIB aje Oiib-
IITICTh JOCIKEHb MOKA3yI0Th, IO CAKPOLIEiT
MOXKE PO3BHHYTHCS HE3aJIe)KHO BiJl CTaTyCy
HLA-B27 y mamieHTiB Ha cHCTEMHIN Teparii
13oTpetuHOiHOM [5, 13, 15].

Taxum ynaoMm, xoua HLA-B27 gacrto acorii-
HWOBaHUH 3 PO3BUTKOM CIIOHIUJIOAPTPHUTY, HOTO
HasIBHICTh HE € 3HAYUMUM Il PO3BUTKY CaKpo-
171€iTy, TIOB’SI3aHOTO 13 MPUHOMOM 130TPETHHOI-
Hy. i pe3ynapratu migKpecIOTh BaXKIUBICTh
PETENbHOT0 MOHITOPUHTY CHUMIOTOMIB 3 OOKY
OTIOPHO-PYXOBOTI'0 arapaTy B YCIX Malli€HTIB, SKi
NPOXOJATH TEPAMilo 130TPETHHOTHOM, HE3aJIexk-
HO BiJl HASIBHOCTI UM BiJICYTHOCTI MapKepiB re-
HETHYHOI JIeTEPMiHOBAHOCTI.

[Toku 1m0 HEMae JOCTaTHBOI KIJTBKOCTI JOKa-
31B ISl BCTAHOBJICHHS MPSIMOT 3aJIEKHOCTI MIXK
JI03010, TPUBAJICTIO JIIKyBaHHS Ta PO3BUTKOM
CUMITOMIB, CIIOCTEpPEKEHHS CBiIYaTh, M0 MO-
JIOAIINHN BiK Mali€HTiB MOXke OyTH (pakTopom pH-
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3UKY 4Yepe3 OUTbII aKTUBHY IMYHHY BiJIITOBIb [2, OnHak 3aMuINalThCA KUThbKAa TUTaHb, SKI
10]. Y 6ubmIocTi BUTIAIKIB MPUITMHEHHS Teparii  MOTPeOyIOTh MOMANBIIOT0 BUBYCHHS. 30KpeMa,
130TPETUHOTHOM TPHU3BOAMIIO 10 3BOPOTHOCTI  HEOOXIAHO OULIBIN ACTATbHO JOCIIIUTH MeXa-
CHUMIITOMIB, 1110 € BXXJIMBUM (DAKTOPOM JJIs KTi-  HI3MHU IMYHOJIOTIYHOTO TATOTE€HE3y CaKpOLIeiTy
HIYHOTO TIporHO3Yy [3, 4, 7, 14, 19]. y TMAIIE€HTIB, SIKi TPOXOIATh TEPAIilo 130TPETH-

TakuM ymHOM, OIVISA JIITEpaTypu MIATBEp-  HOTHOM. BaXKIMBO Tako)X BU3HAYUTH, SIK TPH-
JDKy€ MOXIMBAW BIUIMB 130TPETUHOIHY HA  BallicTh Ta JO3YBaHHsS Teparmii CUCTEMHUMH
PO3BUTOK 3alajbHUX CTAHIB OMOPHO-PYXOBOI  PETHHOIAAMHU BIUITMBAIOTH HA PO3BUTOK ITUX
CUCTEMH, OCOOJIMBO B OCI0 3 T€HETHUYHOIO-JC-  YCKJIaJAHCHb. JlOmaTkoBO HEOOXiTHO 3’scCyBa-
TEPMIHOBaHICTIO. J{J1s1 Kpaloro po3yMiHHS IUX  TH, YU € 1HII T€HETUYHI MapKepH, 1110 MOXYTb
MEXaHI3MIB HEOOXiHI MOMabIIl JOCTI/PKeHHsS, OyTH TOB’S3aHl 3 MIABUIIECHUM PHU3HUKOM pPO3-
SIKI BpaXOBYBaTUMYTh T€HETUYHI Ta IMyHOJIOTIY-  BUTKY Cakpouleity Ha ¢oHi JIIKyBaHHS 130Tpe-

H1 0COOJIMBOCTI HAII€HTIB. TUHOTHOM.
BucHoBku DiHaHCYBaHHS
Pesynbrari mpoBeEHOTo aHamizy JiTepa- Jlane AOCHIJUKEHHS HE OTPUMAJIO 30BHIII-
TYpH MaroTh Ba)KJIMBE 3HAYCHHS JUIsl KIIHIYHOI  HBOTrO (piHAHCYBAHHS.
MPAKTUKH, OCKIJIBKY BOHH MiITBEPKYIOTH ICHY- KonduikT inTepecis
BaHHS MMOTEHIIIHOI KOPETAIil Mi’K 3aCTOCYBaH- ABTOpH 3asBIAIOTH MPO BiACYTHICTH KOH-
HSIM 130TPETHUHOIHY Ta PO3BUTKOM CaKpoineiTy.  (QIIKTy iHTepeciB.
Ile mo3Bossie miKkapsiM 3BEpTAaTH yBary Ha MOX- 3roga Ha nmyoOJaikairo
JIUBICTh PO3BHUTKY TaKMX yCKJIQJHECHb Y MAIli€H- Bci aBropu nanu 3romy Ha myOsTiKaliio mboro
TiB, SIKI TIPOXOIATH JIIKYBaHHS 130TPETHHOTHOM,  PYKOIIHCY.
10 MOXKE CIPHUATH CBOEYACHIM JIarHOCTHIN Ta ORCID ID Ta BHeCOK aBTOpiB
KOPUTYBaHHIO Tepartii 0000-0002-7500-8520 (A, B, D, E, F) Dzhus
IIpakTuHe 3acTOoCyBaHHA OTpUMaHuUX pe-  Marta
3yABTATIB MOJSTAE B YIOCKOHATICHH] ITiIXO/IIB 710 0009-0007-1499-456X (B, C, D) Mulyk
MOHITOPUHTY TAIli€HTIB, IO OTPUMYIOTH Tepa-  Kateryna
M0 CUCTEMHUMH PETHUHOIaMH, a TaKOX y BHU- 0009-0006-3714-2610 (B) Elizabeth Aitul
3HaYeHHI HEOOX1THOCTI JOJATKOBHX OOCTEKEHb 0000-0001-9719-323X (B) Ruslana Potomka
JUTsS. BUSIBIICHHSI PaHHIX TPOSBIB 3alajbHUX 3a- A — Research concept and design, B —

XBOpIOBaHb cyrno0iB Tta xpedta. Kpim Toro, Collection and/or assembly of data, C — Data
BHSIBJICHHH 3B 30K MK TO3UTUBHHUM ctarycoM  analysis and interpretation, D — Writing the
HLA-B27 ta migBumeHuMm pusukoM po3BuTky  article, E — Critical revision of the article, F —
CIOHAMJIOAPTPUTY MOke OyTu kopucHuM s Final approval of article.

(opMyBaHHS IHIMBITyaJbHUX IJIAHIB CIIOCTEpe-

KECHHS Ta JIKyBaHHS TaKHX Malli€HTIB.
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Abstract: Isotretinoin is an effective treatment for severe forms of acne vulgaris; however, its use
may be accompanied by rare side effects involving the musculoskeletal system, including sacroiliitis.
This article presents a clinical case of bilateral sacroiliitis induced by isotretinoin in an HLA-B27-
positive patient. A literature review is provided regarding the frequency of this complication, its
pathophysiological mechanisms, disease progression, and remission duration after discontinuation of
the drug. The role of immunological factors, including the cytokine balance, matrix metalloproteinase
(MMP) activity, as well as genetic factors (HLA-B27), in the development of joint lesions during
isotretinoin therapy is discussed. It is determined that sacroiliitis most commonly occurs in the first
months of treatment, usually resolves after discontinuation of the drug, but in some cases may become
chronic, requiring prolonged therapy with nonsteroidal anti-inflammatory drugs or other medications.
The analysis of the data emphasizes the importance of an interdisciplinary approach in managing
patients receiving systemic retinoids, especially those with genetic predisposition, for timely diagnosis
and treatment optimization.

Keywords: Sacroiliitis; Isotretinoin; Matrix Metalloproteinases; Acne Vulgaris; Musculoskeletal
Diseases.
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Screening of blood glucose level as a key element of the strategy
of prevention and early detection of type 2 diabetes mellitus
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Abstract: the regular screening of glucose level in blood is important for prevention, early detection
and treatment of type 2 diabetes mellitus. Timely detection of hyperglycemia, as the main index of
impaired glucose metabolism, is a key aspect in prevention of development of long-term diabetic
complications, including cardiovascular diseases, peripheral neuropathy, diabetic nephropathy,
etc. Awareness of the risks of development of diabetic complications promotes the higher public
awareness of the importance of healthy nutrition, regular physical activity, and a healthy lifestyle.
The aim of the study was to carry out a blood glucose screening of individuals aged 18-21 years
to analyze the impact of the risk factors of type 2 diabetes mellitus on the blood glucose levels, as
well as to increase the awareness among higher education students about the importance of regular
blood glucose screening for prevention of diabetes and prediabetic states. The level of glucose in
capillary blood was determined using a glucometer with individual test strips, the data concerning
the risk factors for diabetes taken in the form of a voluntary anonymous survey. According to the
level of blood glucose the questionnaire of participants of the study were divided into two groups:
group A — normoglycemia (the average blood glucose level is 4.6+0.5 mmol/l), group B — the elevated
blood glucose (6.3+0.5 mmol/l). A statistical analysis of the questionnaire results and a quantitative
assessment of the impact of risk factors for type 2 diabetes mellitus on the level of glycemia were
performed. The homogeneity of gender composition of the groups of individuals with normoglycemia
and elevated blood glucose levels was established. It was shown that having breakfast a few hours
before the study did not influence the blood glucose levels among the individuals with normoglycemia.
It was not possible to assess the effect of having breakfast on the level of glycemia in the group with
elevated blood glucose levels due to insufficient sample size. The influence of the risk factors, such as
the presence of unhealthy habits (smoking, consumption of energy drinks), heredity (having relatives
with diagnosed diabetes mellitus), tendency to consume sweets and lack of regular physical activity,
on the blood glucose levels of people of this age category was analyzed. It was shown that for people
aged 18-21 years, heredity and lack of regular physical activity can be important risk factors for
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development of hyperglycemia. Having relatives with diagnosed diabetes mellitus increased the risk
of hyperglycemia among the participants by 1.85 times, regular physical activity reduced the risk of
hyperglycemia among the participants by 4.5 times.

Key words: Blood Glucose, Diabetes Mellitus, Hyperglycemia, Prediabetic State, Public Health.

Introduction

The regular screening of glucose level in blood
is important for prevention, early detection, and
treatment of type 2 diabetes mellitus (T2DM).
Timely detection of hyperglycemia, as the main
index of impaired glucose metabolism, is a key
aspect in prevention of T2DM and its long-term
complications, such as cardiovascular diseases,
peripheral neuropathy, diabetic nephropathy [1].
Understanding the risks of development of
diabetic complications contributes to elevated
public awareness of the importance of a healthy
diet, regular physical activity, and a healthy
lifestyle. An effective system of screening and
glycemic control can significantly improve
the health of the nation, decreasing the risks
of development of diabetic complications and
reducing the associated economic costs.

Aim

The aim of the study was to carry out the
blood glucose screening in order to prevent
diabetes mellitus and prediabetes, to increase
the awareness among the students of higher
education, and to analyze the influence of risk
factors of type 2 diabetes mellitus on the level of
glycemia in individuals aged 18-21.

Materials and methods

In order to prevent diabetes and prediabetic
state, to determine the impact of risk factors of
T2DM on the level of glycemia, as well as to
increase the awareness of students of higher
education regarding the risk factors and methods
of diabetes prevention, the glucose screening
was conducted at Bogomolets National Medical
University on World Diabetes Day in November
2023 among the 1%-3 year students and
lecturers. The value of glycemia was determined
using a glucometer and individual test strips in
capillary blood, the data on the presence of risk
factors of T2DM were collected in the form of
the voluntary anonymous survey. 106 people
participated in screening of glycemia: 101 of

them were aged 18 to 21, the others were older.
Statistical analysis of results of the anonymous
survey and values of glucose levels was carried
out for the age category represented most, the
young people aged 18 to 21. For one individual
in this category the glucose test appeared to
be not valid; at statistical analysis it was not
included into the sample. Thus, the sample size
was 100 persons.

The participants of screening were asked to
fill out the anonymous questionnaire indicating
their age and the presence of risk factors of
T2DM, in particular:

1. Unhealthy habits (smoking, use of energy

drinks);

2. Having relatives with diagnosed diabetes

mellitus;

3. Tendency of regular eating sweets;

4. The level of physical activity.

The statistical processing of the data was
performed in the Microsoft Office Excel computer
software. The values of blood glucose levels were
represented as Mean £+ SD (standard deviation);
the difference between groups was considered as
statistically significant at p<0.05. The Student’s
t-test was used to evaluate the reliability of
differences between groups. For estimation
of the influence of risk factors of T2DM on
appearance of hyperglycemia, the questionnaires
were subdivided into groups depending on the
presence or absence of the risk factor. The risks
of appearance of hyperglycemia in the groups
exposed (R(+)) and unexposed (R(-)) to the
risk factor of T2DM, were calculated by the
use of a contingency table. R(+) represents the
probability of an outcome (hyperglycemia) in the
group exposed to the risk factor; R(-) represents
the probability of the outcome (hyperglycemia)
in the group unexposed to the risk factor. The
relative risk (RR) was calculated as the ratio of
probability of hyperglycemia in exposed group
to the probability of hyperglycemia in the group
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unexposed to risk factor (RR=R(+)/R(-)), the
statistical reliability for RR was estimated as
follows [2].

Results

According to results of screening, the elevated
level of glucose (> 5.8 mmol/l, taking into
account the permissible error of the glucometer)
was found in 11 people, which makes 11% of the
total number of participants. By the results of
blood glucose determination, the questionnaires
of participants were divided into groups: group
A — normoglycemia (< 5.8 mmol/l), group B —
elevated blood glucose level (> 5.8 mmol/l).
According to results of screening, the elevated
level of glucose (> 5.8 mmol/l, taking into
account the permissible error of the glucometer)
was found in 11 people, which makes 11% of the
total number of participants. By the results of
blood glucose determination, the questionnaires
of participants were divided into groups: group
A — normoglycemia (< 5.8 mmol/l), group B —
elevated blood glucose level (> 5.8 mmol/l). Both
groups had similar gender distribution: group A
(normoglycemia) was represented by 20.2%
(n=18) men and 79.8% (n=71) women, group B
was represented by 18.2% (n=2) men and 81.8%
(n=9) women.

In estimation of glycemia, an important
criterion is the time interval between getting a
meal and blood sampling, so, we assessed the
blood glucose level by the subgroups according
to the criterion of having breakfast a few hours
before glucose screening (Table 1).

The level of glycemia in group A indicates
that early breakfast did not influence the average
value of blood glucose level (p>0.05). In group
B, it was not possible to make a statistical
assessment of the influence of breakfast on the

ISSN 2786-6661
eISSN 2786-667X

level of glycemia due to the insufficient size of
the subgroup in which the blood glucose was
measured on an empty stomach (n=1). Thus, in
further analysis and assessment of influence of
risk factors of T2DM on blood glucose level, the
division of groups A and B into subgroups was
not carried out.

Data are represented as Means = SD; *p < 0.05
in comparing the groups; #p > 0.05 in comparing
the groups.

By the results of the questionnaire, the
influence of risk factors of T2DM was analyzed
and the frequency of appearance of these factors
among the participants of glucose screening was
estimated. The presence of risk factors of T2DM
among the participants with normoglycemia
(Group A) and elevated blood glucose level
(Group B) are shown in Table 2.

Discussion

Determination and regular screening of blood
glucose level is a key factor in early diagnostics
and prevention of diabetes mellitus. Regular
glycemic control allows to identify individuals
in a prediabetic state and to provide them with
timely advice on an individualized strategy of
glycemic control in order to prevent development
of diabetic complications [3].

Since T2DM develops slowly and is often
diagnosed accidentally during routine preventive
examinations, the regular control of blood glucose
levels is an important preventive factor that allows
timely detection of disease and appointment of
treatment. In the study «Intermittently scanned
continuous glucose monitoring for type 1 diabe-
tes», it has been found that continuous periodic
blood glucose screening in individuals with
type 1 diabetes mellitus and high glycated
hemoglobin allows the more effective control of

Table 1. The average blood glucose level in group A (normoglycemia)
and group B (hyperglycemia) 2-3 hours after breakfast and on an empty stomach

Blood glucose level, mmol/L

Group A (n=89)

Group B (n=11)

4.6+0.5% 6.3£0.5%
After breakfast On an empty stomach After breakfast On an empty stomach
(n=66) (n=23) (n=10) (n=1)
4.60.5# 4.7+0.4# 6.2+0.3 7.6
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Table 2. Assessment of the presence of risk factors of T2DM among the participants

of glucose screening (n=100)

Group A (n=89) Group B (n=11)
Risk factor Present Absent Present Absent
% n % n % n % n
Unbhealthy habits 37.1| 33 62.9 | 56 36.3 4 63.6 7
Relatives with diagnosed diabetes mellitus | 29.2 | 26 70.7 | 63 45.4 5 54.5 6
Regular eating sweets 61.7 | 55 382 | 34 63.6 7 36.3 4
Regular physical activity 33.7 1 30 66.2 | 59 9.1 1 909 | 10

blood glucose levels, increases the time within
target glucose ranges, and reduces the burden of
hypoglycemia [4]. As an alternative method of
screening of diabetes and prediabetic states the
measuring of glucose level in saliva potentially
can be used. As it was shown by the authors [5], it
is proportional to the level of glycated hemoglobin
and to the level of glucose in blood on an empty
stomach. The clinical studies also demonstrate
the effectiveness of lifestyle changes and/or
pharmacotherapy to prevent the development of
diabetes in people with diagnosed prediabetes.
Thus, the regular screening for T2DM is a key

80
60
40
} l
0
Presence Absence
Group A ¥ Group B
a) Unhealthy habits
80
60
40
} l
0
Presence Absence
Group A ¥ Group B

¢) Regular eating sweets

step in preventing and delaying development of
diabetic complications [6].

The trend of growing incidence of T2DM in a
large extent is defined by the sedentary lifestyle,
excessive body weight, unhealthy diet and obesity
[7]. Analysis of the questionnaires of study
participants has shown that not all considered risk
factors have an impact on the level of glycemia in
young people aged 18-21 years. The distribution
of the presence of risk factors of T2DM among
the individuals of group A (normoglycemia)
and group B (elevated blood glucose levels) in
percent is shown on Figure 1.

80
60
40
20
0
Presence Absence
Group A M Group B
b) Relatives with diagnosed diabetes mellitus
100
80
60
40
20
0 .
Presence Absence
Group A ¥ Group B

d) Regular physical activity

Figure 1. Diagrams of distribution of the presence of risk factors of T2DM among the individuals
in group A and group B in percent
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Table 3. Assessment of risks of hyperglycemia in participants at presence, R(+), or absence,
R(-), of risk factor of T2DM and the values of relative risk (RR)

. Risk of hyperglycemia, % Relative risk

Risk factors of T2DM RE) RO RR=R(+)/R(-)
Unbhealthy habits 10.8 11.1 0.97, p=0.97
Relatives with diagnosed diabetes mellitus 16.1 8.7 1.85, p=0.28
Regular eating sweets 11.3 10.5 1.07,p=0.91
Regular physical activity 3.2 14.4 0.22, p=0.14

Assessment of the presence of risk factors
of T2DM (Table 2) was used to subdivide
the questionnaires into groups exposed and
unexposed to the risk factors of T2DM.

To assess the impact of considered factors
on the level of blood glucose the risk of
development of hyperglycemia in individuals
with presence R(+) or absence R(-) of risk factors
of T2DM was calculated (Table 3). We have also
estimated the values of the relative risk (RR) for
all the considered factors, which can be easier
interpreted. The value of RR>1 indicates that the
exposed factor increases the probability of the
outcome (appearance of hyperglycemia), RR<1
indicates that the exposed factor decreases the
probability of hyperglycemia appearance. The
RR=1 shows that the exposed factor does not
influence the level of glycemia and there is no
difference between groups.

From the data represented in Table 3 we may
conclude that the heredity and lack of regular
physical activity tend to increase the risk of
hyperglycemia in young people aged 18-21 years.
The presence of relatives with diagnosed diabetes
mellitus increases the risk of hyperglycemia in the
sample by 1.85 times: R(+)=16.1%, R(-)=8.7%,
RR=1.85. Regular physical activity reduces the
risk of hyperglycemia in a sample by 4.5 times:
R(+)=3.2%, R(-) = 14.4%, RR=0.22. The other
considered factors, such as unhealthy habits
and regular eating sweets appeared to be not
meaningful, the relative risks are equal to 0.97
and 1.07, respectively. It should be mentioned that
despite the RR values for those factors as: having
relatives with relatives with diagnosed DM and
regular physical activity, for which the RR values
notably differ from 1, the p-values appeared to
be higher than 0.05. The low statistical reliability

in these cases can be associated with the small
sample size.

Based on the data of blood glucose screening
and questionnaire survey of participants aged 18-
21, the following recommendations can be made
for further research and prevention measures of
diabetes mellitus:

1. Carrying out the measures aimed to
increase the public awareness of the importance
of maintaining a healthy lifestyle, as well as
the regular screening of blood glucose level for
prevention and early detection of diabetes.

2. Development and implementation of
screening grant programs to identify individuals
with elevated risk of development of diabetes
based on the measurement of blood glucose level.

3. The study of the influence of risk factors
such as heredity, lifestyle, diet, and the level
of physical activity on blood glucose levels in
people of different age groups. To provide the
sufficient level of statistical significance the
studies should be performed with the larger
groups of participants.

4. Development and validation of more
accurate and convenient methods for assessment
of blood glucose levels for earlier detection of
disorders of glucose homeostasis.

Conclusions

The influence of risk factors of T2DM on the
blood glucose level of people aged 18-21 years
was analyzed. It was shown that heredity
(relatives with diagnosed T2DM) and lack of
regular physical activity can be important risk
factors for development of hyperglycemia among
young people aged 18-21 years.
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Anomauia: pe2ynapHuti CKpUHIHe Di6HsL 2II0KO3U KPOBI MAE 8AdICIUGE 3HAUEHHS OJisL NPODINAKMUKU,
CBOEYACHO20 BUABNIEHHS MA NIKY8AHHS YYKPo8o2o Oiabemy 2 muny. Buache susenenns cinepaiuikemii,
K OCHOBHO20 NOKA3ZHUKA NOPYULEHHS Memabonizmy 20K03U, € KIIOYOBUM ACHEKMOM Y 3anobicauHi
PO36UMKY 00820CMPOKOBUX VCKIAOHEHb YYKPO8020 Oiabemy, 8 momy HUCI 3aX80pPI06aHb Cepyeso-
cyounnoi cucmemu, nepughepuunoi netponamii, diabemuunoi Hepponamii, mowo. Yceioomnenus
PUBUKIB PO3GUMK) YCKIAOHEHb UYKPOBO20 Oiabemy Cnpuse Ni08UWeHHIO Pi6Hs 00I3HAHOCMI CYCNITbCMEA
w000 BANCIUBOCTT 300pPO6020 XAPYYBAHHS, Pe2YNAPHUX (QISUUHUX HABAHMANCEHb MA 300P06020
cnocody sicummsi. Memoro 0ocaiodicenHst 6)10 npogedeHHs CKPUHIH2Y PI6HS 2TIOKO3U 8 KPOBI 0CI0 8IK0BOT
kamezopii 18-21 pix 015 ananizy 6niuey (paxmopis pusuxy po3eumxy yykpogeozo diabemy 0py2020 muny
Ha pieeHb 2iKkemii, a maxodic 30inbuenHs: 00i3HaHocmi 3000Y8a4ié GUULOT OCBIMU W00 BANHCTUBOCTE
pe2ylsipHO20 KOHMPOTIO 2liKkemii 0151 npopiiakmuxu yyKkpogo2o diabemy ma npediademuyHux CmaHuis.
Tlokaznux pieHs enikemii 6UHAYABCS 3 OONOMO2O0I0 2TIIOKOMemMpPa Ma iHOUBIOYANbHUX MeCH-CMYHCOK
V KaniisapHit Kpoei, 30ip 0aHux npo HAas8Hicmv (axkmopie puzuky yykpoeozo oiabemy npo8oOUBCs
V 8uesiol 00OPOBIIbHO20 AHOHIMHO20 ONUMYBAHHA. 34 pe3yibmamamu 2iiKemii aHKemu Y4acHUKIg
0ocnidoicerts OYo nodineHo Ha 08I epynu. epyna A — Hopmoziikemis, cepeoriil pigerb 20KO3U ) KPOBL
(4,6+0,5 mmonv/n), epyna b — niosuwenuii pisenv enroxozu y kpogi (6,3+£0,5 mmonv/n). Ilposedero
CMAMUCMUYHULL AHATI3 Pe3yIbIamie anKemy8aHHs ma KilbKiCHA OYIHKA 6NAU8Y (haxmopie pusuxy
YYKpoB02o diabemy Opy2o2co muny Ha NOKA3HUKU 2likemii. Bcmanoenieno 00HOpiOHicmb 2eHOepHO20
CKady 2epyn ocib i3 HOpmoniKeMiclo ma NiosuweHum pieHem 2ntoko3u y kposi. Ilokazano, wo
HASBHICMb CHIOAHKY 34 0eKibKa 200UH 00 NPO8edeHH s O0CTIONCEHHS He GNIUBAE HA NOKA3HUKU PI6HS
2NIOKO3U Y KPOBi ceped ocib 3 Hopmoanikemicto. [Iposedents OyiHKU 6naU8y CHIOAHKY HA NOKA3HUK
aniKemii'y epyni 3 nio8uweHUM pi6HeM 2IIOKO3U Y KPOBI He OYVI10 MONCIUBUM Yepe3 HeOOCMAMHI PO3MID
subipku. Ilpoananizoeano eniue paxmopie pusuxy, maxux K HaAEHIiCMb WKIOIUGUX 36UHOK (NANIHHA,
BIICUBAHHS eHep2eMUYHUX HANO0i8), CnaoKogicmy (HAABHICMb pooutie 3 0iacHOCMOBAHUM YYKPOBUM
oiabemom), CXUNbHICMb 00 BACUBAHHS CONOOOWI8 MA BIOCYMHICIb pe2VIspHOT Qi3uuHOi akmusHocmi,
HA NOKA3HUKU PIGHS 2IH0K03U Y KPO8i 0cih oanoi 8ikosoi kamezopii. [loxazano, wo 0715 nodetl 8ikom
18-21 pix eaxciusumu puzuky po3eumky Zinepenikemii MOXCymb GUCMYNamu Cnaokogicms ma
giocymuicmo pe2ynapHoi ¢izuunoi akmuenocmi. Hasenicmos poouuie 3 0iacHOCMOBAHUM YYKPOBO2O
Oiabemy 30inbULY8ANA PUBUK BUABNLEHHS 2inepaiikemii y eubipyi y 1,85 pasu; peeyiapua ¢hizuuna
AKMUBHICMb 3MEHULYBANLA PUSUK BUABTEHHS 2inepaiikemii y aubipyi 6 4,5 pasu.

KuarouoBi cioBa: rinepriikemisi, rpoMajicbke 370pOB’sl, MpeAiadeTHUHUI cTaH, piBeHb ITFOKO3U
KpOBI, IIyKpOBHil 1ia0er.
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Anomauisn: cmamms npucesdena OO0CHIONCEHHIO XIpYpeii 6 yMosax 2100ani308aHux naHoemill.
Mema cmammi — cucmemHull po32ns0 Gaxosux npaysb 8 mMexcax aHaizy KIYo8Ux ACneKmis, o
noe8’s3ani 3 002080peHHAM Opeanizayii XipypeiuHoi donomoeu, 6Gesneku nayicHmie i MeouuHo20
NepcoHay, a maxkoxic a0anmayii MeOuuHuUx npaKkmux 00 nomped Xipypeii 6 ymosax 2100a1i308anux
naundemitl. Bucysaemocs 3a60anns susHauumu Kuovo6i acnekmu, sKi He 8 NOGHIl Mipi po3Kpummi 8
CYYACHUX haxoeux Npaysx, wjo OXONI0I0Msb NUMAHHA PO3GUMKY XIpypeii 8 ymosax 2100anizo8anux
naunoemin. Ha 6a3i y3azcanvHeH020 6uUpiuleHHs NOCMABILEHO020 3A80AHHSA HA KOMNIEKCHOM) pIGHI
NPOAHANi308aHO CYYACHI Npayl, AKI NPUCBAYEHHI BUCGIMIEHHIO NUMAHbL NO8 SI3AHUX i3 PO3GUMKOM
XipypeiuHoi npakmuku 6 yMoeax 2n006anizo8aHux namoemiu. /[ns 6UHAUEHH CYYACHO20 CMAHY
docniodcenb 3 adanmayii XipypeiuHoi cnpasu 8 ymosax 2100anizo8anux nanoemii 6y10 npoeedeHo
KOMNJLeKCHU ananiz ¢haxosux nyonikayiu 6 piznux 6azax oanux soxkpema 6 Google Scholar, PubMed,
Scopus i IEEE Xplore. Ilicis komniekcHo2o haxosux 0dicepen usnsieHi 0aui 06yno nio0ano onepayiiniil
cucmemamu3ayii, sKa 3aco8y8anact 0 GUHAYEHHS OCHOBHUX ACNEeKmMIis, Kompi He 6 NOBHIU Mipi
suceimaeni 6 posenanymux npaysx. Bucnoexu: 3aeanom amaniz naykosux pobim nokasae, wo: 1.
Iobanizoeani nanoemii cmanu NOMYHCHUMU KAMATIZAMOPAMU 3MiH Yy Xipypeiunii npaxkmuyi, 2.
Xipypeu y écvomy ceimi 3myuieri weuoko adanmy8amucs 00 HOBUX peaill, 8NpoBaAdNCYIOUU HOBL
nPOPINAKmuuni 3ax00u, 3MiHIOIYU Xipypeiuni npoyedypu ma xepyouu pecypcamu, 3. Busuenns
00C8i0y, HAKONUYEHO020 Ni0 Yac Yux Nanoemiu, € HAO036UYAUHO BaAXNCIUBUM O] NIO20MOBKU 00
MAuOYmMHix 2n100anbHux Kpu3 i 3a0e3neuerHs Cmitlkocmi cucmemu 0Xopouu 300po8’s. 4. B cyuacnux
Gaxosux npaysx i3 NIOHAMO20 NUMAHHSL ICHYE YINUll ps0 HEeOONIKI8 8 HACIIOOK KUX He 8 NOGHIU Mipi
PO3KpUBAIOMBCSL 0COOIUBOCII XIPYPSIUHOT NPAKMUKU 8 YMOBAX 2100AI308AHUX NAHOEMI.

KuarouoBi cioBa: 3aranpHa Xxipypris, 1HQEKUIHHUI KOHTPOJIb, MAaHJAEMIis, OIIHKAa PHU3HKIB,
Xipypriudi IporeaypH.

Beryn IIMPOKE TOIMIUPEHHS HOBOI 1H(EKIIIHOI XBO-

[TosiBa mmoGanmizoBaHUX MaHAEMil THOOKO  poOwW, MO Bpa)kae JtoAeH y OUIBIIIA 4YacTHHI
BIUIMHYJIA Ha cpepy Xipyprii, CTBOPIOIOYM O€3-  CBITY, 3a3BHYail MPOTITOM KOPOTKOTO MEPIOAy
MPEIEeICHTHI BUKJIMKHA Ta BUMAralodu MBUIKAX  4acy. Y BIAMOBIAHOCTI 10 mparli [1] oxopoHHi
aJIONTaIlll MEIUYHUX CUCTEM. 3TiJTHO 3 BU3HA-  CHCTEMH 37I0POB’Sl B BChOMY CBITI OOPIOTHCS 31
yeHHsIM BcecBITHROT opraHi3ailii OXOpOHH 3710-  3POCTAaHHSAM 1H(EKIIHHUX 3aXBOPIOBaHb, 3MY-
poB’s (BOO3), mmobanmizoBaHa maHaeMis — 1€ IIYIOYHM XIpypridHi NPaKTUKHA €BOJIOI[IOHYBa-
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TH, OATAHCYIOYM MDK HaraJbHUMH MOTpedamMu
y BIANOBIJIb HA TMAHAEMIiIO Ta Oe3MEepPEePBHICTIO
HaJaHHA HEOOXiMHOT XIPypriuHoi JOMOMOTH.
BinnosigHo mpati [2] nepeTuH xipyprii Ta mio-
0ai30BaHUX MaHAEMil MPEACTaBIsge CKIATHUN
naHAmadT, Mo BUMarae aJlaliTUBHOCTI, IHHOBa-
il Ta CcTiMKoCTi. 3rigHo 3 mparero [3] po3ymi-
F0YU BUKIIMKU Ta MOXJIMBOCTI, III0 BUHUKAIOTh
y TaKHX YMOBaX, XipypriuyHa CIIIJIbHOTa MOXeE
Kpalie miroTyBaTUCs 10 MalOyTHIX MaHAEMIH,
3a0e3neuyroun e(heKTUBHICTh, O€3MeKy Ta opi-
€HTOBAHICTh Ha MaIli€HTa XIpypri4HOi JOTIOMO-
ru. TakyuM YMHOM MimHSTAa B OAHIA CTArTi Te-
MaTHKa € JIOCUTh aKTyaJlbHOI, OCKIIbKU B HIN
PO3MISIAETHCS HarajlibHa moTtpeda XipypriuyHoi
CHIJIFHOTH B PO3YMiHHI Ta MOJOJAaHHI IIUX BH-
kiukiB. Hanmarounm BceOiuHu OmIsA mpailb,
MPUCBAYCHUX IMITHATOMY NUTAaHHIO B MeEXax
NepeTuHy Xxipyprii Ta m100ani30BaHUX MaH-
JEeMild, CTBOPIOETHCS MOMJIMBICTH BHCBITIIUTH
CydacHi acmekTu (OPMYBAaHHS Ta PO3BUTKY
XIpyprii B yMOBax I00ayli30BaHUX IMaHJIEMIH,
[0 BHMAarae MocCTiiHOI aJanTHBHOCTI, iIHHOBA-
1ii Ta cTifikocTi. PO3yMiHHSI BUKIIUKIB Ta MOX-
JIMBOCTEH, 1110 BUHUKAIOTh Y TaKUX YMOBaX, €
BOKJIMBUM ISl XIPYpPridyHOi CHIJTBHOTH, 1100
BOHA MOIJIa Kpallle MiAroTyBaTUCS A0 MailyT-
HIX MaHjemiil, 3a0e3nedyroun e(eKTHBHICTD,
0e3MeKy Ta OpIEHTOBAHICTh Ha MAalli€eHTa Xipyp-
T1YHOT TOTTOMOTH.

Mera

Mera crarti — cucTeMHH# po3nisia (axo-
BHX IPaIlh B MEXaX aHAiI3y KIFOYOBHX aCTICK-
TiB, 11O TIOB’si3aH1 3 OOTOBOPEHHSIM Oprasiza-
i1 XipyprivyHoi JOMOMOTH, O€3MEKH Malli€HTIB
1 MEIMYHOTO TEepPCOHATy, a TaKOX ajamnTarii
MEIUYHUX MPAKTUK 0 MOTped Xipyprii B ymo-
Bax I100ai30BaHUX MaHAeMil. ABTOpPH CTaB-
JSTh Tiepes] o000 3aBAaHHS BU3HAYUTH KITIO-
YOB1 NMUTAaHHS Ta MPOOJIEMH, Ki HE B MOBHIM
Mipi PO3KPUTTI B Cy4acHUX (haxOBUX Ipalsix,
10 OXOIUIIOIOTh MUTAHHS PO3BUTKY Xipyprii
B YMOBax IoOanizoBaHux nanaemiii. Ha 6asi
y3arajlbHeHOTO0  BUPIMIEHHS  ITOCTaBIICHOTO
3aBAaHHs HEOOX1THO Ha KOMILJIEKCHOMY piBHI
MpoaHaji3yBaTl CydYacHl Ipalli, SIKi IPUCBS-
YeHH1 BUCBITJIICHHIO TUTaHb OB’ A3aHUX 13 PO3-
BUTKOM XIpYyprigyHOi MPaKTUKH B yMOBax IJIO-
OaJri30BaHUX MAaHIAEMIN.
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eISSN 2786-667X

Imstx  mocsirHeHHS MeTH:  JlocaigHUIIBKA
rpyna mjiaHye 3aCTOCyBaTd METOAM aHali3y Ji-
TepaTypu Ta OTIISALY HAYKOBUX MpaIllb IS KOMII-
JIEKCHOTO BU3HAYECHHS IHTETPalliiHUX aCIEKTiB,
IIO/I0 aHami3y ajanTtaunii XipypriyHoi HpakTH-
KA B yMOBax mioOaiizoBaHux maHaemii. lLle
JOCTI/DKEHHS CIPSMOBAaHE HA 3alIOBHEHHS IPO-
TAIMH y PO3YMiHHI Ta BU3HAUCHHI KIFOUOBHUX
aCIEKTIB B Cy4acHMX (axoBHX JOCIIKEHb 13
ajanTauii XipypriuHoi cnpaBu B yMOBax Ino0a-
JII30BaHUX MMAHAEMIN.

Marepiaau i MeToIM

Jlis BU3HAUYEHHS Cy4YacHOTO CTaHy JOCIi-
JUKCHb 3 ajamnTallii XipypridHoi cripaBd B yMO-
Bax [o0ani3oBaHUX MaHAeMii Oyno mpoBene-
HO KOMIUIEKCHUH aHaji3 ¢axoBux MmyOmikaiiii B
pi3HHX 0a3ax naHux 30kpema B Google Scholar,
PubMed, Scopus i IEEE Xplore. Ilicast xomi-
JeKCHOTO (haxOBUX JPKEpeN BUSBIEHI AaHi Oyno
HiIJaHo OomepariifHiii cucreMaru3ariii, sika 3aco-
BYBAJIaCh JUIsI BU3HAUEHHS OCHOBHHX AaCIEKTiB,
KOTp1 HE B OBHIH Mip1 BUCBITJIEHI B PO3IVISIHY THX
npausgx. OOpani myOmikamii nNpounuid Aeraib-
HUHW aHalli3 3 ypaxyBaHHAM KpUTEPIiB BKIIOYCH-
HSl Ta BUKJIFOUEHHS, TaKUX, K PIK MyOsikamii Ta
METOJI0JIOTIs AochimkeHHs. Kpurepii BkiItodeH-
HS [Tpallb AJ1S aHAI3Y OXOIUTIOIOTH A0CTIIKEHHS,
1110 CTOCYIOThCS X1pypriyHUX IPOLEAyp, Oe3MeKH
MEIUYHOTO MEPCOHAITY Ta MAIlIEHTIB i1 Yac MaH-
JieMiid, 30Kpema Ti, 110 onyoiikoBaHi 3 2020 poky
1 aHaJi3yl0Th €(PEeKTUBHICTH aJaNTOBAHUX MPO-
TOKOJIiB, METOJIB CUMYJISAII Ta HOBHUX ITiIXO/IIB
JI0 Xipyprii B yMOBax maHaemiil. BpaxoByroTbcs
OpUTIHAIBHI JOCTIDKEHHS, METaaHaIi3u Ta Or-
JSIMM, MO PO3DIAJAI0Th TIO0aTbHUN KOHTEKCT
a00 TOpIBHIOIOTH Pi3HI perionun. Kputepii Bu-
KJIIOUEHHS BKJIIOYAIOTh POOOTH, IIO HE CTOCY-
I0ThCs O€3MocepeIHbO Xipyprii B yMOBax maHe-
Mili, ormy6mikoBaHi 0 2020 poky, abo siKi MICTATh
3arajibHi peKOMeHaIllii 6e3 KOHKPETHOTO aHalizy
a00 HayKOBOTO OOTPYHTYBaHHS, a TAaKOX CTAaTTi,
1110 0OMEXYIOThCS JIUIIIE OTHUM PETIOHOM.

B xoxi anamizy Oyno 37iliCHEHO CHHTE3 pe-
3yJbTaTiB BUSIBICHHS KIIFOYOBUX ACTIEKTIiB, KOTPI
noTpeOyIOTh TOJATKOBOTO PO3IVISAY Ta aHAII3y.
Ha ocHoBi anamizy Oysi0 pOBEIEHO KOMILIEK-
CHUI KpUTHUYHUN OIS cydacHOi (paxoBoi JiTe-
paTtypH, B sSIKOMY BHCBITJICHI BUSIBJIICHI HEIOIIKH
JAHUX Tpallb.

Ukrainian scientific medical youth journal, 2025, Issue 1 (152)

http://mmj.nmuofficial.com

131


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#

UKkrainian Scientific Medical Youth Journal

Issue 1 (152), 2025

Creative Commons «Attribution» 4.0

Orisig i 00roBOpeHHs

AHanizyoun KiTbKICTh MaHAEeMiil 3a ocTaH-
Hi 200 pokiB BIAMITHMO, IO TOYHY KIJIBKICTbH
100aMi30BaHUX TaHAEMid JOCHTH CKIIAJTHO
BU3HAYHTH, OCKUIBKH 3TiAHO 3 Tparnero [4] Bu-
3HAYCHHS TaHJEMIi Ta TOCTYIHICTh JaHHUX PO
MUHYJ1 MOJI1T MOXKYTh BapitoBaTHUCs. 3T1HO 3 J10-
CIJDKEHHSIMHU [ 5] IpOTITroM 1bOTro nepiogy Oyio
IoHaliMeHIle 5 MaHOeMil, AKi BiAIIOBIZAIOTH
Cy4aCHUM KPHUTEPIsIM PO3YMIHHS «I7100asi30Ba-
Ha TaHAEeMisD, 30KpeMa:

— Xonepa (1817-1860): mowanacs B Iumii
Ta MONIMPUIIACS Y BCHOMY CBITi, CIPUYH-
HUBIIY MUIBHOHU CMEPTEH;

Icnancekuit rpun (1918-1920): ogna 3
HAICMEPTOHOCHIINX MaHAEeMiil B icTopii,
110 3a0pasna KUTT 0n3bko 50 MUTBIOHIB
JTIOIIEi;

Asiarcekuii rpumn (1957-1958): cipuanauB
MIJIBIOHU CMepTel, MepeBaxKHO cepen Mdi-
Tel Ta JofIel MOXUIIOTO BiKY;

BIY/CHIJL (3 1981 poky): nana manuemis
BCE I TpHUBAe€, 1 3a OLIHKaMH, BiJ Hel
3arvHyJI0 OHAA 35 MUIBHOHIB JIOIEH;
[Tanpemis COVID-19 (3 2019 poky): nan-
JeMisi, sika Bxke 3a0paiia )KUTTS MiTbHOHIB
JIFOIEN.

Bapto 3a3HaunTH, 110 ¥ iHII1 TaHIEMIi MaIu
Micie npotsarom octanHix 200 pokiB. Jlesiki exc-
neptu [6], BBAXKAIOTh, IO KUTBKICTh I100ai30-
BaHMX TaHJEMIA 3 KOKHUM CTOJIITTAM 3POCTAE,
10 MOB’sI3aHO 3 (hakTOpaMu, TaKUMU SIK T100a-
Jizaris, 3MiHM KiaimMary Ta ypOanizaris. Highton
Ta CHiBaBTOpH [7] TakoX MIAKPECITIOIOTH IO
TEHJICHIIIIO 1 aKIEHTYIOTh yBary Ha TOMY, IIO
maHjgeMil CTAalOTh BCE OUIBII YACTUMH 1 BILIH-
BalOTh Ha BCl aCMEKTU CYCHIbCTBA, 30KpeMa Ha
MEAWIIMHY, BHAcHiqok rimobamizamnii. McDonald
Ta criBaBTOPH [ 8] 3a3HaYarOTh, 1O II00aATI30Ba-
Hi MaHAeMii CTBOPIOIOTH 3HAYHI MEPENOHU IS
MEANYHUX CUCTEM Y CBITi, 0COOIMBO B XIpYprii.
OxpecianMo KJII0UOBI aCTEeKTH, Ha K1 MOTPIOHO
3BEpHYTH yBary mij 4ac TakuX Kpus3.

[To-nepue, nanaemii 3MyCHIH NEPETTISTHY TH
OopraHizaifilo XipypriuHoi AOomoMoru. 30Kpe-
Ma B mpartil [9], makpecIoeTbes HeoOX1AHICTh
BIIPOBAPKEHHSI HOBUX aJaNTallliHUX CTpaTerii
Ta NMpo(iTaKTUYHUX 3aXOiB JJIs 3a0e3TeucH-
Ha Oe3MeKH MalieHTiB 1 MeAnepcoHany. [Hiri
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aBTOpH, IO AOCHTIIKYBaIW Pi3HI XIpypriuHi
CITEIIaTbHOCTI, TAKOXK 3aCTOCOBYBAJIM MOJI0HI
M1IXOJIH.

[MuTaHHa HEBIAKIAAHUX XIPYypriuHUX BTPY-
YaHb € JOCUTh akTyanbHuM. Hanpuknaza, Babid-
ge Ta cniBaBropu [10] po3mismaioTe Kputepii
MPIOPUTETHOCTI Omepalliid, mo A03BojsE edek-
TUBHIIIIE BUKOPHCTOBYBATH OOMEKEHI peCypcH i
3MEHIITYBaTH pU3UKH ISl naiieHTiB. Lleit acriekt
TaKOX IMiIKPECITIOETHCS B TOCHIKEHHSIX TJIaHO-
BUX OIEpalliif, e yBara 30cepe/pkeHa Ha Iep-
CIIEKTHBAX 1 OUIKYBaHHSX IMAIlI€HTIB [4].

TpeTiM BaXJIMBUM acIleKTOM € po3podOka Ta
BIIPOBA)KCHHS METO/IIB 1 TEXHIK, 110 3HUKYIOTh
pU3MK 1H(IKYBaHHS MiJ yac omepariil. ¥ mpari
[11] mpencTaBnsiiOTh HOBI TEXHIKU IparyBaHHS,
a B [12] po3msiaae cnenudivHi MipKyBaHHS IS
TPaHCPEKTaNbHOI Xipyprii. B Tabn. 1 HaBegeHo
OCHOBHI Ipo0sieMH, SIK1 TTOB’S3aH1 3 XIPypri€lo B
yMOBaX I7100aJ1i30BaHUX MaHIEMIM.

3 Tabmn.1. HA0YHO BUIHO, IO MPOOIEMH, SIKi
MOB’s13aH1 3 XIPypri€lo B ymoBax Io0asi3oBa-
HUX TaHJIeMid HOCATh KOMILUIEKCHUN XapakTep.
B Tabn. 2. HaBedeHO pe3yabTaTH aHali3y oOc-
HOBHHUX Ipo0ieM, sIKi OB s3aHi 13 3aCTOCYBaH-
HSM poOOTH30BaHOI Xipyprii B yMOBax NHaHfe-
MIH.

Bupimenns npo0iem, siki HaBeieHi B Ta0I. 2.
BUMAara€ KOMILJIEKCHOTO ITiJIXOAY, BKJIIOYAIOUYH
pO3pOOKYy HOBHUX IPOTOKOJIB O€3MeKH, 1HBec-
TYBaHHSI Y TEXHOJIOT1i, 110 CHIPHUSIOTH TUCTaH-
[IHHOMY YIIPaBJIiHHIO, 1 aJaNTaIil OCBITHIX
nporpam JUisi MEIUYHOTO TEPCOHAy, a TaKOX
NPOBEJICHHS] HOBUX JI0CII)KEHb.

Ha puc.l. HaBeneHO KIIIOYOBI €TamM ajar-
tanii xipyprii B ymoBax manaemii. HaromicTb
B mpaili [8] HaBOAATHCS HACTYIMHI CTpaTerii, sKi
JIOBEJM CBOIO €(EKTUBHICTH ISl XipypriuHoi
CIPaBH 1]l 4aC MaHAEMIi:

— MiniMansHO 1HBa3WBHI METONHU: Jamapo-
CKOTIisl Ta pOOOTH30BaHI omeparii 3HU3WIN Yac
nepeOyBaHHS MAII€HTIB Y JIKapHSIX;

— CucreMa TpHaxy: MPIOPUTETHE PO3MOJIi-
JICHHsI TAIII€HTIB 32 TEPMIHOBICTIO OIeparliii 10-
MIOMOTJIO 3MEHIIUTH HAaBaHTAKEHHS Ha JIIKAPHI;

— IH¢exuiitHmit KOHTPOIIB;

— HaBuanHs mepcoHaiy: TpeHIHTH AJs Xi-
PYpriB Ta MeacecTep MiABUIIMINA €(PEKTUBHICTh
po6OTH B yMOBax MaHeMii.
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Ta6auus 1. OcHOBHI NTpoOieMH sIKi TIOB’sI3aH1 3 XIpypri€o B yMOBax I00aTi30BaHUX MaHAEMIN

HaijimenyBanHs npo0iem

Omnmnc

Hecraua 3axucHoro
oOagHaHHS

Hecraua abo HemoctaTHe 3a0e3neUeHHS MEAWYHOTO IMEPCOHATY 3aco0amu
THIMBIIyaTbHOTO 3aXUCTy (MAacKH, pecHipaTopd, KOCTIOMH), IIO ITiJBHIIYE
pU3UK 1HOIKYBaHHS SIK ISl MEAMKIB, TakK 1 IS MAI[IEHTIB.

3MiHH y XipypridyHuX
nporueaypax

Y yMoBax naHieMii 3MiHIOIOTHCS TPOTOKOJIH XipypriYHUX BTPYyUaHb, HAIIPHKIIA,
0oOMeXEHHsI TIEBHUX OIlepalliii Ta BBEJCHHS HOBHX MPOLEAYp cTepuitizamii i
30epiraHHs iHCTPYMEHTIB.

3aTpUMKH B XipyprivHoMYy
JKyBaHH1

Hecraua MenmuuHuX pecypciB IPU3BOAUTD JI0 3MiH Y MPIOPUTETaX 1 3aTPHMOK
3 TPOBEACHHSAM ILIAHOBHUX ONEpAIlii, 10 MOXKE BIUTMHYTH HA CTAH IMAII€HTIB 1
X TIOJaJTBIIE JIIKYBaHHSI.

[Icuxomoriunuii cTpec

Xipypru Ta MeIUYHHH MEPCOHANT MOXYTh 3a3HABATH CTPECy 4Yepe3 BUCOKI
BHMOTH JI0 POOOTH, CTpax iH(IKyBaHHS Ta 3aHETIOKOEHHSI 32 CBOE 37I0POB’S Ta
3I0POB’ S ONMM3BKHX.

Ernuni nuranus

OOmeskeHi pecypcd MOXKYTh 3MYIIYBaTd NMPHUMAaTH BaKKi €THYHI PILLICHHS,
HanpuKiIal, LIOA0 PO3MOALTY KHCHEBHX amapariB abo JiKapchbKHX 3aco0iB
y KPH30BHUX CUTYyalisX Mij 4ac naHaemii.

Tadauns 2. Pe3ynbratu aHanizy OCHOBHHUX HpoOieM, sIKi OB’ A3aHi 13 3aCTOCYBaHHSIM
po6OTH30BaHOI XIpyprii B yMOBaxX naHaeMii

HaiimenyBaHHs npo0iem

Omnuc npodiem

3abe3neyeHHs Oe3eKu
MAIIEHTIB 1 MEJIePCOHATY

[Mangemii 30iMpLIYIOTH pH3MK Tepedavi iHGEKHi uepe3 HEOOXiTHICTH
MPHUCYTHOCTI MEIUKIB y OIEpalliifHiid, 110 BUMAarae JOJaTKOBUX 3aXOJIiB
Oearekw, sik 313 1 TecTyBaHHS, 110 MOXKE 3aTPUMYBAaTH OTEpallii.

OOMesxeHHs pecypciB
1 IpiopUTH3aLis MEIUYHUX
HOCIIyT

MenuyHi pecypcd MOXKYTh OyTH TepeHanpasieHi Ha 00poTh0y 3 maHaeMiero,
0 TPU3BOAMTH JI0 BIAKJIAJACHHS IUIAHOBUX omepariii. [loTpiOHa crpareris
NpiOpUTH3AIi] BTPyYaHb I MiHIMi3alil pU3HKIB.

JlorictuyHi
Ta TEXHIYHI BUKIUKU

CkragHe TexHiuHEe 00CITyroByBaHHS POOOTU30BaHUX CHCTEM ITiJ] 4ac OOMEKEHb
Ha TIepecyBaHHs MOXE YCKIAIHUTH MIATPUMKY oONamHaHHS 1 3a0e3neunTH
rioro Oe3nepeOitiHe QyHKIIIOHYBaHHS.

3MiHU y HAaBYaHHI
Ta MiArOTOBII
MeJIepcoHany

OobmesxeHHsT GI3MYHUX 3yCTpiueii 3MEHITYIOTh MOMKJIUBOCTI ISl MPAKTUYHOTO
HaBYaHHS, 3MYIIYIOUH ITIEPEXOANTH Ha JUCTAHIIHE HABYAHHS, 1110 MOXe OyTH
MeHIII €(EeKTHBHHM.

dinaHcoBi 0OMEKEHHS

@diHaHCOBI pecypcu MOXKYTh OyTH IepeHanpasieHi Ha 3aKyIiBII0 HEOOXiTHUX
3ac00iB 17151 00pOTHOM 3 TTAHIEMI€TO, IO 0OMEKYE MOXKITHBICTH OHOBJICHHS 200
TIPUI0AHHST HOBHX POOOTH30BAHUX CHUCTEM.

3abe3mneueHHs
CTEPHIILHOCTI
Ta IH(OEKIIIHOTO KOHTPOJIIO

PoGotnzoBani cuctemu mOTPeOyIOTH PETENHHOTO JAe3iH(iIKyBaHHS,
YCKIIQIHIOETHCS Y€Pe3 TOMAaTKOBI BCTEPMIILHOCTI i1 Yac MmaHaeMil.

1o

Jnst Toro, mo0 agantyBaTH TPOLUEIYPH ITiJT

— Minimizayia xonmaxkmig: 3aCTOCOBYBaTH

gac maHAeMii, 3T1IHO 3 [6], JOIMUIBHO 3aCTOCO-
BYBATH:

— Jlucmanyiuni xoucynemayii: BUKOPUCTO-
BYyBaTH BiJCO-KOHCYJIBTAI] IS TOIMEPEIHBOTO
00CTeXEeHHS MAIlIEHTIB Ta TECTyBaHHS Ha HeOe3-
NeyHi BipycHi iH(EKIiT nepes onepaisimMmu.

MiHIMaJbHO 1HBAa3MBHI METOAM Xipyprii Ta MOCH-
JIUTH 3aX0Au O0€3MEKH B ONepaIliiHuX;

— Onmumizayis pecypcis: BOPOBAAUTH COP-
TYBaHHS MAIIEHTIB 32 MPIOPUTETHICTIO Ta YiTKE
TUTAHYBaHHS OTepalliid yisl SMEHIIICHHs] HaBaHTa-
JKEHHS,
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Kurouosi eTanu aganraunii xipyprii B ymoBax nangemii

v

Ouinka curtyanii Ta nuanyBanns: [lepmum
€TaIoM € OIiHKa CUTyalil Ta BU3HAYEHHS TIpi-
OPHUTETHOCTI XipypriuyHux ornepariii. B ymoBax
MaHjeMii BaXJIMBO CKOPOTUTH KiNBKICTh IUIa-
HOBHIX OTI€paliil, 3aTUIIAF0YH TUTBKU TEPMiHO-
Bi Ta HEBIOKIAaTHI BTpyJaHHS.

Y
BnpoBamkeHHsi JUCTAHUIHMX KOHCYJIbTAILi:
Jns miHiMizanii (Qi3MYHUX KOHTAKTIB 3 MAaIli€HTa-
MH BIPOBADKYIOTHCS OHJIAWH-KOHCYJBTAIll Ta Tec-
tyBaHHA Ha COVID-19 mepen mpoBeneHHSM olre-
pamiii. Lle mo3Bosi€ 3HU3UTH PU3UK 3apakeHHS Ta
ONTHUMI3yBaTH PECYpPCHE HAaBAHTAKCHHS HA JIIKapHI.

Y

Po3monis pecypciB Ta nepconady: ITorpiOHo oneparus-
HO PO3IOAUIATH MeIuuHi pecypcu (JlikapHi, onepauiiti
3aJIM, MEIMYHi 3aCO0M) 1 MepCoHaJI, 8 TAKOXK HAJIAIITYBATH
CHCTEMY TPHAXY JUTs €(PEKTHBHOT'O yIIPaBIIiHHS Malli€HTa-
MH Ta MEANYHHMH IPaLliBHUKaMH.

IMocuiienHs caniTapHux 3axoxiB: [TocuneHHs
3aXO0JliB MO0 CTEPHIII3AIlii MEIUYHUX THCTPY-
MEHTIB, BUKOPUCTAHHS 3aC001B iHIUBITyaIbHO-
TO 3aXUCTy (MAacKH, pyKaBUUKH, PECHipaTopH),
a TaKo)k 0OMEKEHHS JTOCTYIY IO OIepaIliftHuX
JUTS MiHIMI3aIi] pU3UKY 3apa’KeHHS.

Y
¢ MMicisnonepauiiinuii monitopunr: ITicis npoe-
JIEHHSI OTIeparliii HeoOXiTHO 3a0e3MEUNTH TOCTIH-
HUIl MOHITOPHUHT CTaHy MAI[ieHTIB Ha MIpeAMET
MOXUINBUX YCKJIagHeHb, 30kpema COVID-19, ta
3MIMCHIOBATH HEOOXIAHY METUUHY IiATPHMKY.

e AHaji3 i xopuryBanHs mpouexyp: Ha ocHoBi
OTPUMAHHX PE3YJIBTaTiB IPOBOIUTECS PEryJsp-
HUW aHali3 1 KOPUTYBaHHS MEIMYHUX MPOILEYD,
o0 ajanTyBarH iX 10 HOBUX YMOB i 3a0e3neuu-
TH eeKTHBHE HaJaHHs XipypriyHOi JOIOMOTH B
yMOBax MaHeMil.

/

IlinroroBKka MeIMYHOTO MEPCOHAJY: 3a0e3ecUeHHS MOCTIHHOTO HABYAHHS Ta TPCHYBaHb ISl MEIHYHUX MPAIliBHU-
KiB I[O/I0 HOBUX CTaHJAPTIB Oe3MeKH, METOIiB OOPOTHOU 3 iH(EKIli€r0 Ta pOOOTH B yMOBaX MaHEMIl.

Puc. 1. KirrouoBi eranu ajganraiiii Xipyprii B yMoBax masaemii

— Be3neka 6 onepayitinux.: BUKOPUCTOBYBaTH
Cy4acHI METOJH cTepuiizamii Ta 0OMeXHUTH J10-
CTYIH JI0 ONepaliifHuX.

Jlani B Meax MiHATOTO aHaJi3y BUCBITUMO
pe3yabTaTH aHANI3y IUJIeM, sIKi TTOB’s3aHi 13 Te-
ploau3allie€ro MEIUYHUX PECYPCiB IMiJl Yac TaH-
neMii:

— Posnoodin obmesicenux pecypcis: OnHi€I0
3 OCHOBHHMX JWIEM € HEOOXIAHICTh PO3MOi-
Iy OOMEXEHUX MEIUYHUX PEecypciB, TaKUX SK
amapaTH IITYy4YHOI BEHTHJIALI] JIeTeHb, METUYHE
oOnagHaHHS Ta MEAUKaAMEHTH. Y Tepiof] MaHze-
Mii Xipypru Ta MEAMYHI 3aKJIaJi CTUKAIOTHCS 3
HEOOXiTHICTIO BUPIMIUTH, SKi MAIIEHTH MalOTh
MEPIIOYEPTOBHA JOCTYM JO IUX PECYPCiB, OCO-
ONMMBO KOJU KUTBKICTh TMAIli€HTIB 3HAYHO Tepe-
BHUIIY€ JTOCTYIHI MOXJMBOCTI. Lle craButh min
CYMHIB CNpaBeJIMBICTh Ta €TUYHI NPUHIUIA
pO3MOoLTy.

— Ilpiopumemnicms onepayiti:. Y ymoBax
naHeMii HeOOXiTHO TPOBOAMTH TPUAXK, TOOTO
BHU3HAYaTH, SIKi onepauii € HaiHeoOXiTHIIITHUMH.
Yacto BHHHKAE auiieMa MiX HEBIIKIATHUMHU
orepallisiMi Ta 3alUIAHOBAHUMU BTPYYaHHSIMH,
0 MOXYTh OyTH BifkianeHi. [cHye pu3uK, 1o

JesiKi TAIlEHTH He OTPUMAIOTh CBOEYACHY Me-
JUYHY JOTIOMOTY, 1[0 MOXE MPHU3BECTU N0 TO-
TipIICHHS] TXHBOTO CTaHy Ta HaBiTh JIETAIBHUX
HACJIIIKIB.

— Besnexa meduunozo nepconarny: B ymoBax
[MaHAeMII TaKOXK II0CTA€ MUTAHHS 1010 Oe3IIeKn
MEIUYHUX TpariBHUKIB. OOMEKEeHHS KOHTAKTIB
Ta 3aXHUCT MEPCOHANy CTAalOTh MEPIIOYEProBH-
MU 3aBJaHHSMH, alie 1€ CTBOPIOE IUJIEMY, KOIIU
HEOoOX1/1HO 3a0e3MeunuTH MOCTIHY NPUCYTHICTD
MEIMYHUX NPaIliBHUKIB B ONepaliiHuX npu 30e-
peXKEHHI iXHBOTO 370pOB’s. JlaHa muiema Takox
BIUIMBAa€ HAa JOCTYIHICTh BHCOKOKBaTi(iKoBa-
HUX CHEI[ATICTIB JUIs CKIAAHUX ONeparlii.

— Piwenns wooo @ioknaoenux npoyeoyp: Y
BUITAJIKaX, KOJIM orepariii MoXyTh OyTH BiJKia-
JIeH1, BXJIMBUM € aHaJi3, KOJIU iX BapTO MepeHe-
cTh abo cKacyBaTH, a KOJU BaXXJIMBO MPOBECTU
BTPYYaHHS BYacCHO. BpaxyBaHHs JOBrOCTPOKO-
BUX HACTIJIKIB BIAKJIATy TUTAHOBUX MPOLEAYD,
ab0 3aTpUMKHU JIKYBaHHS € Ba)KIHBOI JHJIC-
MO¥O0, aJDKE 1€ MOXKE BIUTMHYTH Ha 37J0OPOB’SI Ta-
IIEHTIB y MAallOyTHEOMY.

— Ingopmayivine 3abesneuenns ma nposo-
picmy: Jlunema Takok BUHUKA€E MTPU HEOOX1THO-
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CTi CBOEYACHOTO HaJIaHHS TaIliEHTaM Ta TPOMa/I-
CBKOCTI YITKOI Ta Mpo30poi iHhopmalIlii mpo cTan
MEANYHUX PECYPCIB Ta 3MiHY MOJITHKH JIKyBaH-
Hs1. HekopekTHa, a00 HemoBHa iHpOpMalLlis MOXKe
MIPU3BECTHU JI0 COLIIAJIbHOT HAIIPYTH Ta HEAOBIPH
710 METUYHUX yYCTAHOB.

— Emuuni ma mopanvni numanns: Ilig gac
MmaHaeMii MeAUYHI MPAIiBHUKNA CTHUKAIOTHCS 3
€TUYHUMH JWICMaMH, TAKUMH SIK BHOIpP Mix
BPATYBaHHSM MOJIOJIIOTO TAIlI€EHTa 3 BUCOKH-
MM [IaHCAaMM Ha OAY>KaHHS 1 JITHIM Halll€H-
TOM, YHi IIIAHCH Ha YCIIITHE JIKyBaHHS 3HAYHO
Hk4i. Buie 3a3Hauene nmorpelye BpaxyBaH-
Hs PI3HUX €TUYHUX HOPM 1 CTaHIAPTIB, IO
CTOCYIOTBCSI CIIPaBEJIMBOCTI Ta TyMaHI3My Yy
MEIUIINHI.

— [lcuxonoeiyHutl muck Ha MeoudHuil nep-
conan: He MEHII BaJIMBUM € TCHXOJOTTYHHMA
acrekT. B ymoBax oOMexeHHX pecypciB i mif-
BUIIICHOTO HABAHTAXKCHHS MEIUYHI MPAIiBHUKA
MOXYTb NIEPEKUBATH CTPEC, BUTOPAHHS Ta 1HILI
eMOIIiiHI MpoOJieMH, 10 BIUIMBAIOTH Ha SKICTh
HajgaHoi gomomoru. [lcuxomoriyHa miaTpuMKa
Ta ONTHUMI3allisg poOOYMX YMOB MEIMYHHUX IIpa-
IIBHUKIB TaKOX MOBHHHI OyTH YaCTHHOIO CTpa-
Terii nmepiogu3aiii pecypcis.

B xoxi ananizy (axoBuX TOCIHIIKEHb 32 OC-
TaHHI 5 POKIB, fIKi MOB’sI3aHHI 3 XIPYpPri€ro mij
yac m100aii3oBaHUX MaHAeMii, Oylno BUSBICHO
JIeKiIbKa KIIFOYOBHX ACMEKTIB, IO OXOILIIOIOTH
Oprasizamilo XIpypriyHoi Jomomoru, Oe3me-
Ky TAII€HTIB 1 MEIUYHOTO MEPCOHATY, 8 TaKOX
aJIanTanio MeIUYHUX MPAKTUK 10 HOBUX YMOB.
Huxue HaBeneHl OCHOBHI aCIIEKTH, SIKi BUCBIT-
JIOIOTHCS B IPOaHaIi30BaHUX poOOTax.

VY mpaii [7] 0OroBOprOIOTECS MEPENIOHH Ta
3MIHM B Oprasizamii XipypriqyHoi J10MOMOIH ma-
LIEHTaM 3 PakoM TpyAed MiJ Yac maHaemii, 3
aKIIEHTOM Ha Oe3MeKy MAaIi€HTIB 1 epcoHaly, a
TAKOK aJanTalilo XipypriyHuX MPOTOKOMIB 10
HOBUX ymoB. OJHaK B Mpalll HEe BHUCTadae Je-
TaJbHOTO aHai3y JOBTOCTPOKOBUX HACIIAKIB
3MIH y Oprasizaiii XipypriyHoi JOIOMOTH, Ta-
KHUX 5K BIUIMB Ha BUKWBAHICTh MAIlI€HTIB, AKICTh
JKUTTS TICISL omepariiidi 1 TMCUXOJIOT14HI HaCHi-
KM BiICTpOYeHHMX ab0 3MiHEHUX BTpyd4aHb. L{s
iHpopMallis BaXJIMBa JJIS NOBHOTO PO3YMIiHHA
€(eKTUBHOCTI a/anTOBaHUX IPOTOKOIIB 1 JJIst
PO3pOOKH CTpaTeriii Ha MaiiOyTHE.
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VY mpaui [13] po3misigaioTeCs aCEKTH Jlarna-
POCKOMIYHOI Xipyprii ImiJ] 4ac maHaemii, 30kpema
Oe3reka TMPOBEACHHS TaKuUX oreparii. ABTO-
Y OLIIHIOIOTH PU3MKH aepo30i3alii Bipycy Mif
4yac JIalapOCKOIMYHUX Mpoueayp 1 po3po0bis-
I0Th peKOMEHJalii st 0e3MeYHOro iX IpoBe-
nenHs. [Ipote aBTopu He HaAAIOTh MPAKTHUYHOL
iH(dopMarlii mpo pearnizalito UX PeKOMEeHaIin
y peaJpHHX YMOBaxX, IO YCKJIAQIHIOE OLIHKY
e(eKTUBHOCTI 3ampONOHOBAHUX IMIIXOMIB s
MEIMYHUX TPAaliBHUKIB, SKi MOTPeOyIOTh Tepe-
BIPEHHUX PillIEHb.

VY npami [14] po3misnaioTbesi 0COOIUBOCTI
MIPOBEJCHHS aHecTe3li M 4ac Kapaioxipyprid-
HUX BTpy4YaHb B YMOBAax NaHJAEMii, 3 aKLIEHTOM
Ha BaXJIMBICTH 3amo0iranHs iHQEKIisIM IS ma-
IIEHTIB 1 MEIUYHUX TpalliBHUKIB. OMHAK Mparis
HE OXOIUIIOE BC1 aCMEKTH aHecTe3ii, 30KpemMa BH-
Oip aHeCTEeTUKIB, METOJIM MOHITOPUHTY Ta MIXKO-
nepartiiine kepyBanHs 6omneM. Jleramizanis 103y-
BaHHsI AaHECTETUKIB 1 METOJ[IB MOHITOPUHTY JUIS
TaKHX OIeparliii B yMOBax MaH/eMii HE HaJIa€Th-
csl, IO YCKJIAJHIOE 3aCTOCYBaHHS PE3yJIbTaTiB y
KJIIHIYHIA MPaKTHIII.

VY mpani [5] HagaHo 3aranbHI peKOMEHaIi
JUTSL TIPOBECHHS XIPYPTriYHKMX OIepaliii mija yac
naHaemMii. ABTOpH y3arajibHEHO MOSICHIOIOTh, SIK
3a0e3neunTy O6e3MeKy nepcoHay i MaieHTiB, Ta
3HU3UTU PU3MK TMOIIMPEHHS 1H(EKUiil B onepa-
niiHuX. OJHAK peKOMEeHallli € 3aHaTO 3arajib-
HUMH 1 HE BPaxOBYIOTh crielu(idHi 0coOInBOC-
Ti pI3HUX THIIIB OTEpaliil Ta KIiHIYHI CIeHapil.
BiacyTHicTh yTOUHEHb IIO0 ajanTaiii mpoie-
Iyp 0 HOBHUX peaiil maHaemii Ta eTHYHHUX ac-
MIEKTIB MPOBEACHHS ONEpaIliii € CyTTEBUMHU HE-
JTOJIIKAMHU.

VY mpami [6] aBTOpW aHai3yIOTh CTpaTerii
JUTSL TIPOBEJCHHS KapAiOoXipypridyHHUX Omeparii
mig yac mangemii. OnucaHo aganTaiiio Xipyp-
TYHUX TPOTOKONIB Ta 3aXOAiB Oe3MeKu, IMpo-
T€ 3a3HAYEHO, IO IIi MiJXOIU MOTPEOYIOTH IMO-
CTITHOTO MOHITOPHHTY 1 pO3pOOKH AMHAMIYHUX
ajanTaliiHuX MeXaHI3MiB, 1[0 HE 3aBXKIH MOXK-
JIUBO pealli3yBaTy Ha MPAKTHIIL.

VY npari [15] mocaimKyoThcsi METONM ajar-
TaIlii MPOTOKOJIIB XIPyprii »KOBYHUX MUISAXIB ITiJT
yac maHjeMii. ABTOpH 30CepeIKyIOThCsl Ha KO-
POTKOCTPOKOBUX PIIIEHHSX 1 3aX0/ax, ale He-
JIOCTAaTHbO yBaru MpUIUISIOTH JI0BIOCTPOKOBUM
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HACIIIKaM TaKWX amalTarii Juid Iali€HTiB Ta
XIpypri4HOi MPaKTUKHU, 110 € BAXKIUBUM JJIS 3a-
Oe3reyeHHsl cTabUIBHOCTI Ta €()eKTHUBHOCTI Xi-
PYpPri4HOi 10MOMOTH B Mail0y THBOMY.

VY mpari [2] po3msgaeTbes BIUTUB MaHAEMIl
Ha MPaKTHUKY MJIACTUYHOI Xipyprii, a TaKoX Iu-
TaHHSI MOZEIIOBAaHHS KPU30BUX CUTYyaliH 1 Tuia-
HYBaHHSI BUKOPUCTAHHS POOOTHU30BAHUX Xipyp-
rivanx cucrtem. OgHaK B JaHii mpail BiACYTHSA
OIliHKa €()EKTUBHOCTI 3alPOTIOHOBAHUX 3MIH Ta
3aX0/11B OE3MEKH, 110 YCKIIATHIOE iX 3aCTOCYBaH-
HS B pealibHIA XIpYprivyHiil MpaKTHIIi.

VY mpami [8] pocnimxkeHo epeKTHUBHICTh CH-
MYJSIIHHUX TPEHYBaHb JUIS MMiATOTOBKH MEINY-
HOTO MepcoHalty mija yac nanaemii. OgHak cumy-
JAIIT HEe 3aBXKIM TOYHO BiATBOPIOIOTH pealibHi
YMOBH, 110 OOMEXKY€ X e()eKTUBHICTb.

VY poborti [3] aHami3yl0TECS BUKIUKU Xipyp-
TiB M1l YaC HEBIIKJIAIHUX OTIEPaIliil y MaHaeMii,
ajie peKOMEeH/Iallli MaroTh OOMEKECHHS Yepe3 He-
JTOCTaTHE TeorpadiyHe MOKPHUTTS 1 pi3HI THUIH
MEANYHUX YCTaHOB.

VY mpai [16] po3pobneHi mpotokonu Oe3rme-
KM JUId Xipyprii Ha XpeOTi B yMOBax HaHjemii,
ase 6e3 3BOPOTHOTO 3B’s13Ky. Lle mpu3BoauTH 10
TaKUX MpoOIeM:

— CTaTu4HICTh MPOTOKOIMIB.

— HeBiamoBigHICTh peaJbHUM YMOBAM.

— 3HMKEeHHs e(DEeKTUBHOCTI 3aXO/1B.

— Brpara 10Bipu 10 IpOTOKOIMIB.

Bumie 3a3HaueHi mpoOieMH YCKIaJIHIOIOTH
3a0e3nedyeHHs Oe3MeKy, TOMY BaXKJIMBa CUCTEMa
3BOPOTHOTO 3B’SI3KY JUIS aKTyami3allii mpoTOKO-
JiB.

3MiHM, BOPOBAKEHI M Yac MaHaemii, Ma-
I0Th TIOTEHIIiaJ] CYyTTEBO BIUIMHYTH Ha MailOyTHE
Xipyprii, 30kpemMa yepe3 pO3BUTOK HOBHX CTaH-
napTiB Oe3MEeKH, BUKOPUCTAHHS JHUCTAHI[IHHUX
KOHCYJIBTAIIIH Ta BIIOCKOHAJICHHS IIPOLIECIB TpHa-
Ky. 3aCTOCYBaHHS aJlalITOBAaHUX IPOTOKOIIB Ta
IHHOBAI[IMHUX TEXHOJIOTIH, TAKHX K TeJIeMEIu-
IIMHA 1 HOB1 METOAM CTEpHIIi3allii, MOXKE CTaTh
MOCTIHOI0 YaCTUHOIO XIPypriyHOi MpPaKTHUKH,
3HIKYIOUM PU3HUKH 1H(IKYBaHHS 1 OKPALYIOYH
JOCTYI 0 MEAMYHUX TOCIYT, a TaKOX CIPHsI-
I04YM PO3BHUTKY OUIBII THYYKUX Ta €(PEKTUBHUX
CUCTEM YIPABIIiHHS MEIUYHUMH PECypCaMHu.

Takum yuHOM B CydacHHUX (haxOBUX IMparlsax
13 NIJHATOTO MUTAHHA ICHY€E LUK psi HEeAoMi-
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KiB B HACJIJOK SIKMX HE B IMOBHIN Mipi pO3KpH-
BalOTHCSI OCOOJIMBOCTI XipPYPridHOI NMPAKTUKHA B
yYMOBax ri100anizoBaHuX MaHAEeMii.

BucHoBku

3araioM, aHaji3 HAyKOBHX pOOIT IOKa3ye,
110: 100ai30BaHi MaHAeMIil CTaJld MOTYKHUMH
KaTalizaTopaMu 3MiH Yy XipypriuHiil mpaxTwuiii;
Xipypru y BCbOMY CBITi 3MYIIIeHI IIBUKO ajarl-
TYBATHUCS 10 HOBUX peaiil, BIpOBa)KyIO4uH HOBI
npodiIaKTUYHI 3aXOAH, 3MIHIOIOUM XIpypriuHi
IPOLEIYPH Ta KEPYIOUU PECypCcaMy; BUBUCHHS
JIOCBI1ly, HAKOITMYEHOTO IIi/1 Yac IUX MaHAeMiH,
€ HaJ3BUYAaWHO Ba)XJIMBUM JUIS MIJATOTOBKH J0
MaiOyTHIX mI00aNbHUX KpU3 1 3a0e3neueHHs
CTIKOCTI CHCTEMHU OXOPOHU 3M0poB’sl. B cyuac-
HUX (axoBUX MpaIiX i3 MiHATOTO MUTAHHA ic-
HY€ UUIMHA psA HEJOMIKIB B HACTINOK, SKUX HE
B MOBHIN Mipi pO3KPUBAIOTHCS OCOOJIIMBOCTI Xi-
PYPriuHOI IPAKTHKU B YMOBax IN100asli30BaHUX
MaHIeMI.

DiHaHCyBaHHS

Jlane AOCHIJUKEHHS HE OTPUMAJIO 30BHIII-
HBOTO (DiIHAHCYBAHHS.

KonduikT inTepecis

ABTOpH 3asBIAIOTH MPO BIACYTHICTH KOH-
¢rikTy iHTEepeciB.

3roga Ha nmyOaikaniro

Bci nmarienrn, siki Oyim 3aydeHi 10 myoJika-
1ii a7 3romy.
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Abstract: the article is devoted to the study of surgery in the conditions of globalized pandemics.
The purpose of the article is a systematic review of professional works within the analysis of key
aspects related to the discussion of the organization of surgical care, the safety of patients and medical
personnel, as well as the adaptation of medical practices to the needs of surgery in the conditions
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of globalized pandemics. The task is to determine the key aspects that are not fully disclosed in
modern professional works covering the issue of the development of surgery in the conditions of
globalized pandemics. On the basis of a generalized solution to the task at a comprehensive level,
modern works devoted to the coverage of issues related to the development of surgical practice in
the conditions of globalized pandemics were analyzed. To determine the current state of research on
the adaptation of surgical cases in the conditions of globalized pandemics, a comprehensive analysis
of professional publications was conducted in various databases, in particular in Google Scholar,
PubMed, Scopus and IEEE Xplore. After a complex of professional sources, the discovered data
were subjected to operational systematization, which was aimed at determining the main aspects
that are not fully covered in the reviewed papers. Conclusions: In general, the analysis of scientific
works showed that: 1. Globalized pandemics have become powerful catalysts for changes in surgical
practice; 2. Surgeons around the world are forced to adapt quickly to new realities, implementing
new preventive measures, changing surgical procedures and managing resources, 3. Learning from
the lessons learned during these pandemics is critical to preparing for future global crises and
ensuring health system resilience. 4. In modern professional works on the raised issue, there are a
number of shortcomings, as a result of which the peculiarities of surgical practice in the conditions
of globalized pandemics are not fully revealed.

Keywords: General Surgery; Infection Control; Pandemic; Risk Management; Surgical Procedures.
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Abstract: understanding the increase in intra-abdominal pressure during pneumoperitoneum due
to carbon dioxide insufflation as part of laparoscopic surgery is important as systemic changes due
to carbon dioxide have become important. Despite the benefits, laparoscopic surgical procedures
and insufflation affect many systems and organs, such as the brain, lungs, and liver. The aim of the
study was to investigate the histological structure of the tendon parts of the diaphragms of rats with
obstructive jaundice under the influence of standard pneumoperitoneum pressure formed by carbon
dioxide, which is used in laparoscopic surgery, for a variety of time periods. The experimental study
was performed on 70 mature rats weighing (235.0+£20.0) grams. Obstructive jaundice was modelled
by ligation of the common bile duct through a previously made laparotomy access. Pneumoperitoneum
was created after puncture of the abdominal wall with a Veresch needle connected to an insufflator
that injected carbon dioxide and maintained a given intra-abdominal pressure for a certain time.
Obstructive jaundice led to thickening of the tendon due to edema. Collagen fibres acquired a tortuous
direction. The cellular infiltration was distinct, with macrophages appearing in the structure. In
1 hour after pneumoperitoneum, there was an undulating direction of collagen fibres separated by
intercellular substance, in which fibroblasts, lymphocytes and multiple macrophages were visualised.
After 2 hours, there was a thickening of collagen fibres, homogeneity with multiple foci of decay and
delimitation by the main substance containing fibroblasts and macrophages. After 3 hours, in addition
to the disintegration, loss of unidirectional arrangement, in some cases, foci of chaotic accumulation
of cell-fibre mass and haemorrhages were detected. In cellular infiltrates, plasmacytes appeared in
small numbers among lymphocytes. The results obtained indicate that obstructive jaundice leads
to structural changes in the tendon part of the diaphragm. Pneumoperitoneum with carbon dioxide
exacerbates the changes in the morphological picture, which depend on the duration of the latter.

Keywords: Laparoscopy; Pressure; Pneumoperitoneum; Diaphragm; Obstructive Jaundice; Rats;
Histology.

Introduction pathology worldwide 1is choledocholithiasis,
Obstructive jaundice is a common clinical defined as the presence of stones in the common
phenomenon caused by various benign or ma-  bile duct [1]. Previous studies have shown that
lignant diseases. The most common benign biliary = 4-15 % of patients with cholecystolithiasis
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also have concomitant choledocholithiasis [2].
According to a recent systematic review, when
cholecystolithiasis and  choledocholithiasis
are diagnosed at one time, laparoscopic chole-
cystectomy with simultaneous intraoperative
cholangiography and revision of the common
bile duct is recommended. In this strategy high
technical success rate and short-term hospital
stay is predicted [3].

Understanding the effect of intra-abdominal
pressure increase during pneumoperitoneum
(PP) due to carbon dioxide (CO2) insufflation as
part of laparoscopic surgery is underestimated
yet relevant. This is because systemic changes
due to CO; insufflation have been reported as
significant [4]. Despite the benefits, laparoscopic
surgical procedures and CO2 PP affect many
systems and organs, such as the brain, lungs, and
liver [5]. Also, the kidneys are among the critical
organs where such effects can be observed.
Moreover, changes in the small intestine
have also been noted [4]. Animal studies have
shown that elevated intra-abdominal pressure
established during PP, a necessary procedure
for performing laparoscopic surgery, leads to
ischemia-reperfusion injury of the intestine,
which disrupts the intestinal barrier [6].

Our experimental study is conducted to
determine the impact of CO, in PP on the
structure of the diaphragm parts in the presence
of obstructive jaundice (OJ). This is an important
topic for research, since these pathological
conditions occur at laparoscopic surgery for
cholelithiasis with choledocholithiasis or other
diseases accompanied by impaired bile outflow,
and the CO, PP effect on organs and systems of
the body has not yet been studied.

ISSN 2786-6661
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Aim

The aim of this study is to investigate the
histological structure of the tendon parts of the
diaphragm of rats with obstructive jaundice
under the influence of standard pressure
pneumoperitoneum formed by carbon dioxide,
which is used in laparoscopic surgery, for various
periods of time.

Materials and methods

Research on laboratory animals was performed
in accordance with the European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986), Directive 2010/63/EU of the
European Parliament and of the Council, and the
Law of Ukraine No. 3447 — IV «On the Protection
of Animals from Cruelty». The experimental study
was carried out on mature reproductive age rats
(5-6 months), with body weight (235.0+£20.0) g.
The animals were kept in an accredited vivarium
of I. Horbachevsky Ternopil National Medical
University (Table 1). The experiments were
conducted in the morning indoors at a temperature
of (18-20) °C, relative humidity of (60-80) %
and illumination of 200 Ix. In the end of the
modelling all rats were sacrificed by a single
overdose of thiopental sodium solution injected
intra-peritoneally (75 mg/kg of body weight).

Animals of all groups, except the intact
group, underwent OJ simulation. Anesthesia
was performed with ketamine hydrochloride
(90 mg/kg) and xylazine (10 mg/kg) intra-
muscularly. Before surgery, the anterior
abdominal wall was shaved, and the surgical
field was treated three times with a disinfectant
solution and covered with sterile drapes. This
was followed by a median laparotomy approach

Table 1. Distribution and characteristics of animals in groups

Animal group

Group characteristics

Intact group (n = 10)

Diaphragm harvesting in animals without simulating any pathology

Control group (n = 15)
creating PP

Diaphragm sampling after laparocentesis using a Veress needle without

First experimental group (n = 15)

Diaphragm sampling after creating PP at 10 mmHg for 1 hour

Second experimental group (n = 15)

Diaphragm sampling after creating PP at 10 mmHg for 2 hours

Third experimental group (n = 15)

Diaphragm sampling after creating PP at 10 mmHg for 3 hours

Total — 70 animals
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of 3 cm in length. The stomach and duodenum
were carefully removed through the laparotomy
wound, the common bile duct and pancreatic
duct were identified, after which only the bile
duct was ligated. After 7 days, the animals had
yellow ears, yellow urine, and a yellow tint of the
sclera. When the abdominal cavity was opened,
jaundice of the fatty tissue, icteric muscle tissue,
and dilatation of the common bile duct were
noted. According to the common literature data,
5 to 7 days is sufficient to study the effects of
bilirubin intoxication in experimental animals
and the occurrence of changes in the organs and
systems of the body.

In the control group, the abdominal wall
was punctured with a Veress needle and the
animal was in this state for 2 hours in order to
study whether anaesthesia and laparocentesis
affect the morphology of the diaphragm. In the
experimental groups, carboxyperitoneum was
created, according to the author’s certificate for
the work No. 126409 [7], with a KARL STORZ
electronic laparoflator 264300 20 at a level of
10 mmHg and a carbon dioxide supply rate of
0.1 1/min, for 1, 2 and 3 hours. According to the
studies, this pressure level in rats corresponds to
a pressure of 15 mmHg in an adult. During the
experiment, the animal breathed independently
and did not require external lung ventilation. After
the experiment, the rat diaphragm was harvested
in accordance with the author’s certificate for the
work No. 126059 [8].

The tendon part was isolated from the
macro specimen, which was fixed in a 10 %
neutral formalin solution. Afterwards, the
material was dehydrated in ethyl alcohols of
increasing concentration and embedded in
paraffin. Paraffin sections 5-7 pum thick were
made from each paraffin block on a microtome.
After deparaffinization, they were stained with
hematoxylin and eosin and Alcean blue.

Results

The tendon part of the diaphragm of intact
group rats is represented by an aponeurotic sheet,
which is formed by dense bundles of collagen
fibres. In different sections of the micro specimen
its thickness varies slightly. On the cranial side
of the tendon, it is covered with diaphragmatic
fascia, on the caudal side it is covered with
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parietal peritoneum. Under the microscope, it has
a loose consistency with inclusions of fatty tissue.
Collagen fibres are homogeneously eosinophilic,
the intensity of staining slightly differs, very
rarely they are loosened without damaging
their integrity. The cellular component is poorly
represented, somewhere consisting of fibroblasts,
fibrocytes and histiocytes (Fig. 1).

Figure 1. Histological structure of the tendon part
of the diaphragm of the intact group rats: 1 — dense
bundles of collagen fibres; 2 — loose tissue of the
thoracic surface; 3 — parietal peritoneum. Staining
with haematoxylin and eosin. x 200

In the micro specimens of the control group,
the tendon part of the diaphragm has an identical
tissue composition, as in the previous group,
but differs in the ratio of structural components.
Its thickness is mainly increased. This can be
explained by tissue loosening due to oedema.
Collagen fibres acquired a winding direction. In
this group, uneven staining was sharply noted.
Cellular infiltration was pronounced, both diffuse
and with the formation of focal infiltrates with
macrophages (Fig. 2).

The PP effect in the presence of OJ in
the main experimental groups caused other
morphostructural changes along with the changes
observed in the control group with OJ. The
equidirectional arrangement of collagen fibres of
the tendons has changed to undular. The fibres
were also strongly delimited by the intercellular
substance, in which fibroblasts, lymphocytes and
multiple macrophages were visualized (Fig. 3).

The microscopic picture after 2 hours of PP
was characterized by sickening of the collagen
fibres, becoming homogeneous, with multiple foci
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Figure 2. Histological structure of the tendon
part of the diaphragm of the control group rat:
1 — tortuous and unevenly stained collagen fibres;
2 — cellular infiltrate. Staining with haematoxylin
and eosin. x 200.

Figure 4. Histological structure of the tendon
part of the diaphragm of of the II experimental
group rat: 1 — oedema; 2 — disorganization
and destruction of collagen fibres with diffuse
polymorphocellular infiltration. Staining with
haematoxylin and eosin. x200.

Figure 3. Histological structure of the tendon
part of the diaphragm of the I experimental group
rat: 1 — tortuous collagen fibres, disintegrated by

oedema; 2 — polymorphocellular infiltrate. Staining
with haematoxylin and eosin. x200.

of decay and delimited by the ground substance,
which contained fibroblasts and macrophages.
The destroyed fibres were replaced by cellular
infiltrates, which were dominated by macrophages
and lymphocytes (Fig. 4). Alcian blue staining did
not reveal signs of mucoid degeneration.

3 hours after the created PP, the tendons
underwent  significant  structural changes.
In addition to their defibreization, loss of
equidirectional arrangement, in some cases,
foci of chaotic accumulation of cell-fibre mass
and haemorrhages were detected (Fig. 5). In
the cellular infiltrates, plasma cells appear in

Figure 5. Histological structure of the tendon
part of the diaphragm of the III experimental
group rat: 1 — disorganization and destruction
of collagen fibres; 2 — haemorrhages
and surrounding cellular infiltrates.
Staining with haematoxylin and eosin. x200.

small numbers among lymphocytes. Alcian
blue staining has shown slight metachromasia
(Fig. 6).

Discussion

When searching for scientific works that
would study the morphology of the diaphragm
under the influence of OJ and PP, we can state
that we are the first in this direction of research.
We have not found other similar data from
other authors. Most of the works that study OJ
concern changes in the liver and other organs of
the abdominal cavity. When including the words
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Figure 6. Rat tendon with jaundice after
3 hours of pneumoperitoneum. Metachromasia
phenomenon in the ground substance.
Staining with Alcian blue. x100.

«laparoscopy», «pneumoperitoneumy, «intra-
abdominal pressure» in the search field, most of the
works again concentrate their scientific attention
to the other organs of the abdominal cavity. The
significance of this study is that laparoscopic
methods of treating surgical pathologies of the
abdominal cavity are constantly expanding. And
the influence of PP on organs and systems of the
body, especially with different intra-abdominal
pressure formed by carbon dioxide, is beginning
to be actively studied.

A further perspective of the study is to analyse
the changes in different parts of the diaphragm at
different intra-abdominal CO2 pressures. Recent
studies are conducted in the direction of reducing
the standard pressure in laparoscopic surgery to
lower limits than 12 mmHg, explaining this by
the fact that lower pressure does not contribute
to a decrease in the volume of instrument
manipulations, and the postoperative period
is more favorable, especially in patients with
concomitant pathology [9].

In the one of our other studies, where the
modelling of the OJ was not conducted, we
found that the PP created by carbon dioxide leads
to a change in the morphological structure of the
tendon part of the diaphragm. It has caused a
loss of compactness of collagen fibres, collagen
fibrilization was observed, areas of lysis were
occasionally determined, and cellular infiltration
with a predominance of erythrocytes was
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detected. The severity of these changes depends
on the duration of created pneumoperitoneum.
It was found, that wo weeks after the simulated
pathology, the diaphragm fully restores its
structure.

Although rats are readily available and
economically viable for any experimental
study, the question arises whether the results are
comparable to other species. There are several
studies examining the effects of PP on the body
of various animals, including humans, which
indicate that a pressure of 8-10 mmHg in the
abdominal cavity of a rat is similar to a pressure
of 12-15 mmHg in the human body [10].

The number of laparoscopic surgical
interventions on the biliary tract has increased
significantly in recent years. These interventions
range from conventional cholecystectomies for
chronic calculous cholecystitis to operations
on the biliary tract, such as those on the right
and left hepatic ducts and the choledochus. The
initial step in the process is to create the PP using
CO:.. As the volume of operations increases, the
duration of the PP also increases. This method is
frequently utilised in elderly and senile patients
with concomitant cardiovascular and pulmonary
diseases, for whom additional ‘aggression’ in
the form of PP becomes clinically significant.
The created intra-abdominal pressure of the
PP causes hypercapnia and acidosis, which are
avoided by hyperventilation [11]. The diaphragm
is displaced cranially, reducing the volume of
the pleural cavity and the lungs’ pliability, and
creating high pressure in the airways. This leads
to a decrease in the diaphragm’s functional
capacity. [12].

In our professional opinion, the practical
significance of this work for clinical medicine is
that, in addition to the effects of PP on the body
mentioned above, intra-abdominal hypertension
during laparoscopy affects the microstructure
of the diaphragm. It should be noted that these
changes occur when standard pressure is applied
in the abdominal cavity. Research conducted
over the last decade has been restricted to the
utilisation of low-pressure PP at 7 mmHg, which
equates to a pressure of 5 mmHg in rats. When
the results were analysed, it was found that pain
(a phrenic symptom) was 36.7% more common
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in patients treated with standard pressure than the created intra-abdominal pressure, tension and
in those treated with lower pressure. There displacement of the diaphragm to the thoracic
were also fewer postoperative complications cavity. These changes in direction depend on the
when lower pressure was used [13, 14, 15]. Our  durations. Stretching of the fibrous structures of
research is focused on studying the structure the tendon part of the diaphragm leads to rupture
of the diaphragm at low pressure within the of the fibers and a change in their direction. After
abdominal cavity and comparing the results with 2 and 3 hours, areas of destroyed fibers appeared,
those at standard pressure. The outcomes of this ~ which contained macrophages and fibroblasts.
research will be detailed in upcoming scientific =~ The greatest changes are observed after 3 hours
papers. and are characterized by the appearance of areas
The observed changes in the control group  with a chaotic location of cellular-fibrous mass
of animals can be attributed to the direct toxic  in which single plasma cells and lymphocytes
effect of bilirubin, which leads to oedema, appeared.
resulting in the loosening and tortuous fibres Funding
with cellular infiltration. The mechanism of the The authors received no financial support for
detected changes in the main groups is associated  the research, authorship, and/or publication of
with intra-abdominal hypertension created by PP,  this article.
which led to stretching of the fibrous structures Declaration of Conflicting Interests
of the tendon due to the displacement of the The authors declared no potential conflicts of
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in fibre breakdown in cases of oedema and cellular Consent for Publication
infiltration. Duration led to the appearance of The authors provide consent for the
larger areas of chaotic accumulation of cell-fibre  publication of the manuscript detailed above.
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CyxoxxkuniibHa YyacTHHA JiagparMu il BINIMBOM KapOOKCHIIEPUTOHEYMY
Ta 3MOJeJIbOBAHOI JKOBTAHHLI: eKCIIEPUMEHTAJIbHE T0CIi/IKeHH S

Hosruii bornaun!, Kpimak Mupociag?

lacnipanT kadeapu onepaTUBHOI Xipyprii Ta KJIIHIYHOI aHaToMl,
TepHOMiIbCHKUIA HaLlIOHATBHUN MeAUMYHUNA YHiBepcuTeT imMeHi [.51. T'opbaueBchkoro
MO3 VYkpainu, TepHomninb, Ykpaina

2 mouieHT Kadenpu xipyprii, TepHOMILCHKUH HAIIOHAIBHUN MEIUYHNAN YHIBEPCUTET
imeHi [, TopbaueBchkoro MO3 Ykpainu, TepHominb, Ykpaina
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Anomauia: po3yminHa 30iMbWeHHA GHYMPIUHbOYEPEBHO20 MUCKY Ni0 Yac NHeBMONEePUMOHeYMy
BHACTIOOK [HCYPraAyii 8yeneKkucioco 2azy, AK YACMUHU JIANApOCKONIYHOL XIpypeii € 8aniciusum,
OCKIIbKU CUCMEMHI 3MIHU Yepe3 @V2lleKUcIUull 2az cmanu eaxcausumu. Hessaoicaiouu na nepesazu,
JIAnapoCcKoniyHi Xipypeiuni npoyedypu ma incyuayis 6niusaroms Ha 6a2amo cucmem i OpeaHie, maxKux
5K MO30K, JleceHi ma neuinka. Memoro pobomu 610 00caioumu 2icmonociuny CmpyKmypy CyXO*CUTbHUX
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yacmun oiagpazm wypie i3 MeXAHIYHOW HCOBMAHUYEI0 NI0 BHIUBOM CMAHOAPMHO20 MUCK)
NHEe8MONEPUMOHEYMA YMBOPEHO20 8Y2NEeKUCTUM 2A30M, KU GUKOPUCIOBYEMbCA 8 IANAPOCKONIYHIL
Xipypeii, Ha npomsa3i pi3HOMAHIMHO20 NPOMINCKY yacy. Excnepumenmanvre 00cniodceHHs GUKOHAHO
nHa 70 cmamegospinux wypax macorw (235,0+20,0) epam. Mexaniuny dmcoemanHuyio mooenosanu
Memooom nepes’sA3Ku 3a2albHOI HCO8UHOI NPOMOKU Uepe3 NOnepeonbo 3poONeHull 1anapomomHull
oocmyn. Ilnesmonepumorneym cmeopiosaiu niciist NPOKOJY YepesHoi cminKu 201Koi0 Bepewa 3’ conanoi
i3 IHCYDAAMOPOM, AKUL HACHIMAG 8Y2NeKUCIUL 2a3 I NIOMPUMY8as 3a0aHUll GHYmMpIiuHbOUepesHUll
MUCK HA NPOMA3I ne6Ho20 yacy. Mexaniuna dHcoemanuys npu3eoo0uLa 00 NOMOBUEHHS CYXOHCUTKA
3a paxyHok Habpsky. Konazenogi éonokna nadysanu 36usucmozo nanpamky. Knimunna inginempayis
Oyna eupasHoro, 8 Cmpykmypi axoi 3’ ansanucs makpogazu. Yepes 1 200uny nicisa nHeemonepumoneymy
concmepicany yYHOYIApHe HANPAGIEHH KONA2EHOBUX BOJIOKOH DOIMEHCOBAHUX MINCKIIMUHHOIO
peuosunoro, 6 sKill eizyanizyromecs Qiopoonacmu, aimgpoyumu i MHoMCUHHI Makpogaeu. Yepes
2 200UHU BIOMIYANOCL NOMOBUEHHS KONA2EHOBUX BOJIOKOH, 20MO2EHHICTIb 3 MHONCUHHUMU 0CEPeOKamu
PO3naody i po3MeNHCO8AHICMb OCHOBHOIO PEU0BUHOIO, 8 AKIU MicmAmbca Qibpobracmu i Makpoghau.
Yepesz 3 200uHuU KpiM pO36OJIOKHEHHSA, 8MPAMU PIGHOHANPABLEHO20 PO3MAULY8AHHS, 6 PAOI 8UNAOKIE
BUABTANUCA OCEPEOKU XAOMUUHO20 CKYNYEHHS KIIMUHHO-80IOKOHHOI Macu ma KpoBOGUNUBU.
B kaimunnux inghinempamax cepeo nimpoyumis 3 ’sa6110mucsi NAAMOYUMU 68 HeBeNUKIl KLIbKOCHII.
Ompumani pezyremamu ciOUamMb, WO MEXAHIYHA IHCOBMAHUYSL NPU3BOOUMb 00 CMPYKMYPHOL
nepedoyoosu cyxoxcunbHoi yacmunu oiagppazmu. [Tneemonepumoneym 8y2neKucium 2azom no2nuon0e
SMIHU MOPGHONOSTYHOI KAPMUHU, KL 3AT1eAHCAmb 610 MPUBATLOCTT OCMAHHBLOZO.

KuarouoBi cioBa: nanapockomnis, BHyTpPILIHbOYEPEBHUNA THUCK, ITHEBMOIIEPUTOHEYM, Hiadparma,
MeXaHiuHa XKOBTSHUII, IIIypi, FICTOJIOTS.
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Abstract: modern statistics confirm that diabetes has become an epidemic of the 21st century.
According to the forecasts of the International Diabetes Federation, by 2045, the number of people
with diabetes is expected to reach 784 million. Approximately 90% of cases involve type 2 diabetes,
which is a major contributor to the development of chronic kidney and cardiovascular diseases. The
role of aldosterone in the progression of persistent kidney filtration rate disorders is particularly
important due to the high prevalence of microvascular complications in individuals with type 2 diabetes,
especially diabetic nephropathy. The activation of the renin-angiotensin-aldosterone system, alongside
inflammatory processes, fibrotic changes in the kidneys, endothelial dysfunction, and disturbances in
carbohydrate metabolism, are key pathogenetic factors in the development and progression of cardio-
renal-metabolic syndrome. This syndrome, officially recognized by the American Heart Association,
encompasses chronic kidney disease, which significantly worsens the clinical condition and prognosis
of individuals with type 2 diabetes. Understanding the relationship between aldosterone levels and
irreversible changes in kidney filtration rate in patients with type 2 diabetes is essential for exploring
the mechanisms of the renin-angiotensin-aldosterone system'’s impact on kidney function in diabetic
nephropathy. This study analyzed a range of parameters, including age, anthropometric indicators,
carbohydrate metabolism, physical data, aldosterone levels, vitamin D (250H) levels, and the
albumin-to-creatinine ratio in daily urine. Participants were grouped according to their glomerular
filtration rate, with a rate of <60 ml/min/1.73 m? indicating persistent pathological changes in the
kidneys among individuals with type 2 diabetes. The results revealed a negative correlation between
aldosterone levels and glomerular filtration rate in individuals with persistent kidney changes caused
by diabetic nephropathy. These changes serve as risk factors for cardiovascular diseases. Elevated
aldosterone levels, albuminuria, decreased glomerular filtration rate, and reduced vitamin D (250H)
levels were identified as early indicators of chronic kidney disease in individuals with type 2 diabetes.

Keywords: Type 2 Diabetes; Chronic Kidney Disease; Aldosterone; Cardiovascular Risks; Renin-
Angiotensin-Aldosterone System.

Introduction 784 million [1]. It is known that this condition
According to modern statistics, diabetes currently affects 1 in 10 adults globally [2].
mellitus (DM) has reached pandemic proportions. ~ Approximately 90% of cases involve T2D, which
Data from the International Diabetes Federation  primarily affects older individuals. However,
indicate that by 2045, the number of individuals  the number of affected individuals is rapidly
with type 2 diabetes (T2D) worldwide may reach  increasing, with alarming trends among children
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and young adults (under 40 years old) [3].
Among people with T2D, most have at least one
complication, with cardiovascular complications
being the leading cause of morbidity and mortality
in this population [4].

Despite optimal control of blood pressure,
dyslipidemia, and glucose levels, a high risk of
developing cardiovascular diseases (CVD) and
chronic kidney disease (CKD) remains. These
conditions are strongly interconnected in people
with diabetes [5]. The combination of hypertension
and diabetes may synergistically contribute to the
progression of kidney damage through mechanisms
that remain incompletely understood [6]. The
progression of CKD in individuals with T2D
typically follows a sequence of stages, beginning
with normal or increased estimated glomerular
filtration rate (eGFR) and eventually leading to
progressive renal function decline, CKD, and
even end-stage renal disease [7].

The complex pathogenesis of diabetic kidney
disease (DKD) involves multiple pathways,
including inflammatory, fibrotic, metabolic, and
hemodynamic factors [8]. One cause of renal
hyperfiltration and increased intraglomerular
pressure is the overactivation or hyperproduction
of the mineralocorticoid hormone aldosterone, a
component of the renin-angiotensin-aldosterone
system (RAAS). Angiotensin II, acting on type
1 receptors, contributes to the progression of DKD
through mechanisms such as vasoconstriction,
increased tubular Na+ reabsorption, enhanced
oxidative stress, and induction of renal production
of fibrogenic and inflammatory cytokines [9].

Long-term observations have demonstrated
that inhibition of angiotensin II synthesis or
blockade of angiotensin II type 1 receptors
provides cardio-renal protection in patients
with DKD [10]. Additionally, excessive aldo-
sterone levels and associated activation of
mineralocorticoid receptors (MRs) disrupt insulin
secretion and insulin-mediated metabolic effects,
thereby promoting diabetes and its associated
cardiometabolic syndrome [11]. The activation of
RAAS, involvement of inflammatory processes,
fibrotic kidney changes, endothelial dysfunction,
and carbohydrate metabolism disturbances are
recognized as key pathogenetic factors in the
development and progression of the cardio-
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renal-metabolic (CRM) syndrome, which has
been officially recognized by the American Heart
Association [12]. CKD, as a core component of
CRM, is considered a critical factor influencing
the severity of a patient’s condition. Therefore,
further investigation into the relationship between
aldosterone and CKD progression in individuals
with T2D is warranted.

Aim

The study aimed to investigate the role
of aldosterone in the development of CKD
in individuals with T2D and to analyze the
correlations between aldosterone levels and key
indicators of renal filtration capacity depending
on eGFR.

Materials and Methods

A prospective cohort study included
69 individuals with T2D, divided into two groups
based on eGFR levels calculated using the CKD-
EPI formula: Group I (eGFR < 60 ml/min/m?,
n=32) and Group II (eGFR > 60 ml/min/m?,
n = 37). The following parameters were analyzed:
age, gender, BMI (body mass index), eGFR,
glycated hemoglobin (HbAlc), systolic blood
pressure (SBP), diastolic blood pressure (DBP),
aldosterone, albumin-to-creatinine ratio (ACR)
in daily urine, and vitamin D (250H).

The study was conducted at the Kyiv City
Endocrinology Center in the General Endocri-
nology Department. All procedures adhered to
the principles of the Declaration of Helsinki and
were approved by the Bioethics Commission
(protocol No. 163, dated 07.11.2022). The study
methodology was fully explained to participants,
and all patients provided written informed
consent to participate. Inclusion criteria: age 18—
80 years, T2D duration > 5 years, and informed
patient consent. Exclusion criteria: acute
cardiovascular diseases, acute renal or hepatic
failure, participation in another study, pregnancy,
lactation, history of nephrectomy, malignancies,
or eGFR below 25 ml/min/m?.

Serum creatinine was measured using the
colorimetric method, and eGFR was calculated
using the CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration) formula. Aldo-
sterone levels were assessed using the
immunoassay method (Aldosterone Diametra,
Italy), with a normal serum range of 14.6—
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174 pg/mL. ACR in daily urine was calculated by
determining albumin levels (immunoturbidimetric
method) and creatinine content (colorimetric
method). HbAlc levels were measured using
high-performance liquid chromatography.

Statistical analysis: data were processed
using the Medstat software. The Shapiro-Wilk
test was used to assess the normality of the
distribution of continuous variables. Data were
presented as mean =+ standard deviation (mean +
SD) or median with interquartile ranges (median
(Q1-Q3)), while categorical variables were
expressed as percentages. The Wilcoxon test
was used to compare group means according
to normality distribution. Fisher’s exact test
was used to compare categorical variables.
Correlation analysis was performed using
Pearson’s univariate correlation. Differences were
considered statistically significant at p < 0.05.

Results

The patients in the study were divided into
2 groups based on eGFR levels: Group I —
eGFR <60 ml/min/m? (n = 32) and Group II —
eGFR > 60 ml/min/m? (n = 37). The mean age of
participants in Group I was 64.45 £ 8.77 years,
compared to 60.79 £ 10.81 years in Group II
(p=0.065). The duration of diabetes was
significantly longer in individuals with renal
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insufficiency (Group I): 13 years versus 10 years
(p=0.021). Women predominated in Group I,
while men were more prevalent in Group II. The
BMI of all participants corresponded to obesity,
with no statistically significant differences
between the groups. Glycemic control, assessed
by HbAlc, was worse in Group II, but the
difference was not statistically significant.
A summary of the baseline characteristics of
patients in both groups is presented in Table 1.

The study revealed that aldosterone levels
were significantly higher in Group I compared to
Group II (84.06 vs. 48.543 pg/mL, p = 0.049). In
Group I, aldosterone was negatively correlated
with eGFR (r = -0.369, p = 0.04) (Figure 1).
No correlation was found between aldosterone
levels and ACR in daily urine. This suggests that
aldosterone primarily affects renal functional
activity rather than contributing to albuminuria
development. Since eGFR < 60 ml/min/m? is
associated with damage to more than half of the
nephrons, irreversible changes in renal filtration
capacity begin to develop.

The median ACR in Group I was significantly
higher than in Group II: 412.3 (333.4; 473.3) vs.
0.9 (0.6; 2.69), p < 0.001. Systolic and diastolic
blood pressure showed no statistically significant
differences between the groups.

Table 1. Baseline characteristics of patients in Groups I and II

Parameters Sl Sl P-value
(eGFR < 60 ml/min/1.73 m?) | (¢GFR > 60 ml/min/1.73 m?)

Age (years), mean = SD 64,45 + 8,77 60,79 + 10,81 0,065
Duration of diabetes (years),
median (Q1; Q3) 13 (11; 20) 10 (6; 14) 0,021
Gender (F/M), % F -51,61%, M — 48,39 F—44,44 %, M — 55,56 %
BMI (kg/m?), mean = SD 30,96 £ 4,61 31,96 £ 6,36 0,462
eGFR (ml/min/1.73 m?),
mean = SD 47 + 14,85 83,03 £ 11,51 <0,001
HbAlc (%), mean + SD 8,81 £2,06 9,29+ 2,27 0,366
SBP (mmHg), mean + SD 144,5 +£25,99 139,4 £ 12,41 0,322
DBP (mmHg), mean £+ SD 89,2 £9,63 84,44 £9,76 0,462
Aldosterone (pg/mL),
median (Q1; Q3) 84,06 (37,89;133,49) 48,54 (21,24, 107,83) 0,049
Vitamin D
(250H) (ng/mL), median (Q1; Q3) 13,53 (9,11; 17,22) 16,51 (13,07; 20,05) 0,027
ACR (mg/g), median (Q1; Q3) 412,3 (333,4; 473,3) 0,9 (0,6; 2,69) <0,001
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Abbreviations:

eGFR: Estimated Glomerular Filtration Rate
(ml/min/1.73 m?)

BMI: Body Mass Index (kg/m?)

HbA1c: Glycated Hemoglobin (%)

SBP: Systolic Blood Pressure (mmHg)

DBP: Diastolic Blood Pressure (mmHg)

ACR: Albumin-to-Creatinine Ratio (mg/g)
(in urine)

250H: 25-Hydroxyvitamin D (ng/mL)

Figure 1. Correlation between aldosterone levels
and eGFR based on serum creatinine in people
with TD2 from Group I

All  examined patients (Figure 2)
demonstrated a deficiency in vitamin D(250H),
with significantly lower levels of vitamin
D (250H) in Group I compared to Group II
(13.53 ng/mL vs. 16.51 ng/mL; p 0.027).
This finding underscores the critical role of
vitamin D(250H), in contributing to endothelial

Figure 1. Level of vitamin D(250H) in patients
depending on the group by eGFR
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dysfunction in CKD and TD2, as well as its
association with an elevated risk of developing
comorbid cardiovascular pathologies.

Discussion

The results of the study demonstrate the
significant role of aldosterone in the progression of
CKDinindividualswithT2D.Ithasbeenestablished
that elevated aldosterone levels are negatively
correlated with eGFR, confirming its influence
on the functional capacity of the kidneys. Patients
with eGFR <60 mL/min/1.73 m? exhibited sig-
nificantly higher aldosterone levels compared
to those with eGFR>60 mL/min/1.73 m?.
This indicates that RAAS hyperactivity is one
of the key mechanisms in the progression of
nephropathy in T2D. Interestingly, aldosterone in
T2D patients did not correlate with albuminuria
levels, suggesting its predominant effect on the
functional rather than structural activity of the
kidneys. This aligns with the well-known fact that
damage to more than half of the nephrons leads to
irreversible changes in the filtration capacity of
the kidneys.

Aldosterone, as a key hormone of RAAS,
plays a central role in regulating electrolyte
balance and blood pressure.

Its action is mediated through the activation
of MRs in the distal nephron tubules, resulting
in increased sodium reabsorption and potassium
excretion. This maintains extracellular fluid
volume and hemodynamic stability [13].
In people with T2D, MR hyperactivation is
associated with the development of cardiorenal
complications, particularly diabetic nephropathy
and heart failure. Elevated aldosterone levels
contribute to fibrosis and inflammation in the
kidneys and heart, driven by the activation of pro-
inflammatory pathways and increased oxidative
stress [14]. Endothelial dysfunction, typical for
T2D, is a consequence of aldosterone’s effects
on vascular endothelium. Aldosterone reduces
the bioavailability of nitric oxide (NO), a key
vasodilator, leading to increased vascular tone
and blood pressure. Additionally, aldosterone
stimulates the expression of adhesion molecules
such as ICAM-1 and VCAM-1, promoting the
development of atherosclerosis [15]. Aldosterone
plays a direct role in kidney changes in T2D
people and the CRM syndrome.
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This syndrome affects major organs, such as
the heart, kidneys, brain, and liver, and includes
interrelated pathologies: cardiovascular diseases,
kidney diseases, and T2D [12].

Another important finding was the
presence of vitamin D (250H) deficiency
in all examined patients. In the group with
eGFR < 60 mL/min/1.73 m?, vitamin D (250H)
levels were significantly lower. D-deficiency is
associated with endothelial dysfunction, a risk
factor for CRM syndrome progression. This
may explain why patients with low vitamin D
(250H) levels are more prone to cardiovascular
complications. Vitamin D (250H) deficiency
may influence glucose homeostasis in CKD,
which is frequently observed in individuals
with impaired renal function. Due to diabetic
nephropathy (DN), not only is the metabolism
and production of the active metabolite
(1,25(0OH)2D3) disrupted, but glomerular
hyperfiltration and altered tubular reabsorption
may lead to proteinuria and the loss of 25(OH)
D along with vitamin D-binding protein [16].
Vitamin D status can directly affect glucose
metabolism. Vitamin D (250H) regulates insulin
release by modulating intracellular calcium in
B-cells, increases insulin receptor expression,
and its deficiency is associated with secondary
hyperparathyroidism, which can reduce insulin
secretion [17]. The data suggest a link between
vitamin D deficiency and glucose metabolism
disorders in CKD populations [16].

The findings emphasize the need for early
diagnosis and monitoring of aldosterone levels,
eGFR, albuminuria, and vitamin D levels in
T2D people. Using RAAS inhibitors or MRs
antagonists may be a promising strategy to slow
CKD progression in such patients. These findings
could form the basis for further research and
improved approaches to CKD treatment in T2D
people.

Conclusions

A negative correlation between aldosterone
and GFR has been found in individuals with
persistent renal changes due to DN, which are
risk factors for the development of CKD and
the occurrence of cardiovascular pathology. The
absence of a correlation between aldosterone
levels and ACR in daily urine may indicate
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diverse mechanisms in DN development:
aldosterone influences sodium retention, fibrosis,
and inflammatory processes in the kidneys,
whereas ACR serves as a marker of glomerular
permeability and endothelial damage. Increased
aldosterone and albuminuria, as well as decreased
eGFR and vitamin D (250H) levels, are early
indicators of DN development, which can be
used for early diagnosis and improved patient
outcomes. This opens up opportunities for
enhancing screening programs and developing
new strategies to prevent disease progression
and complications. The use of these markers in
clinical practice will enable a more personalized
approach to patient management, helping to
improve prognosis and the effectiveness of
therapeutic interventions.
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Anomauin: Cyuacna cmamucmuxa niomeepodicye, wo oiabem cmae enioemiero 21 cmonimms.
3a npoenozamu Misxcnapoonoi diabemuunoi ¢edepayii, 0o 2045 poxy ouikyemvcs, wo KilbKicmo
x6opux Ha diabem Oocsene 784 minvtionis. Ilpubnusno 90% eunaoxie noe’azami 3 diabemom 2 muny,
AKUL € OCHOBHOIO NPUYUHOIO PO3BUMK) XPOHIYHUX 3AX80PIOBAHL HUPOK I Cepyeso-cyOUHHOI cucmemu.
Ponv anvoocmepony 6 npoepecysanui cmitikux nopyuieHsb ueuokocmi ¢inempayii HUpoK € 0cooaugo
8AICTIUBOIO Hepe3 BUCOKY NOULUPEHICIb MIKPOCYOUHHUX YCKAAOHeHb Y ocio 3 [J] 2 muny, ocobnuso
diabemuynoi Heghponamii. Axmueayis peHiH-AHCIOMEH3UH-AIbOOCMEPOHOBOI cucmemu Nnopso i3
3ananbHUMU npoyecamu, PiopoO3HUMU SMIHAMU 8 HUPKAX, eHOOMENIaNbHOI0 OUCHYHKYIEIO, NOPYULEHHAM
8Y2/1€800H020 OOMIHY € KIIIOUOBUMU NAMOLEHeMUUHUMU DHAKMOpamu po3UMKY ma npocpecy8aHHs
Kapoio-peHanbHo-memaooniynoeo cunopomy. Lleii cunopom, oghiyitino eusnanuii AMepuxkaHcoKo
KapOionociyHow acoyiayicio, OXONI0E XPOHIYHY X60po0Y HUPOK, KA 3HAYHO NOCIPULYE KIIHIYHULL
cmaw i npocHo3 xeopux Ha diabem 2 muny. Po3yminna 63aemo38 3Ky Midc pieHAMU ANbOOCMEPOHY
ma He360POMHUMU 3MIHAMU WEUOKoCmI (inbmpayii 8 HUpKkax y nayicumie i3 diabemom 2 muny
Mae 8adciuge 3HAYeHHsA Ol BUBUEHHS MEXAHI3MI6 6NIUBY pEeHiH-AH2IOMEH3UH-AbO0CMEPOHOBOL
cucmemu Ha QYHKYil0 HUPOK npu diabemuuniti Hegpponamii. Y ybomy 00CHIONCEHHI AHANIZYBABCS
PAO napamempis, 6KIIOYAIOYU BIK, AHMPONOMEMPUYHI NOKA3HUKU, B)2l1e800HUll 00MIH, ¢hi3uuni
oaHi, pisensb anrboocmepony, pisensb gimaminy D (250H), a makoxc cniggioHowenHs anbOyminy ma
KpeamuHiny 6 00006ill ceui. Yuacnukie 06 '€OHanu 8 epynu 8ion08iOHO 00 ix WeUOKoCmi Ki1yOouKoeoi
Qinompayii 3i weuokicmio <60 ma/xe/1,73 Mm% wo éxasye Ha CMIUKi NAMONO2IUHT 3MIHU 8 HUPKAX Y
ocib 3 diabemom 2 muny. Pe3ynomamu 6us6uu HecamusHy KOpeasayilo Mixc pieHem anb00Cmepory ma
WeUOKiCmIo K1yooukoeoi hinempayii 6 0cio i3 CmilKumu 3MIHAMU HUPOK, CHPUYUHEHUMU OIaOEeMUYHONO
Hegponamiero. Li sminu € hakmopamu pusuxy cepyeso-cyOuHHUx 3axeopiosats. Iliosuwenuil pigens
anb0OCMepoHy, anbOYMIHYPIs, 3HUNCEHHS WEUOKOCMI KIYOOUK08Oi (inbmpayii ma 3HudxiCeHHs pi6Hs
simaminy D (250H) Oynu ioenmughixosani sk panHi NOKA3HUKU XPOHIUHOI X80p0oOU HUPOK ) 0CiO 3
oiabemom 2 muny.

KurouoBi cioBa: mykpoBuii giaber 2 TuIly, XpoHIYHa XBOpoOa HUPOK, adbJ0CTEPOH, CEpIIEBO-
CYIMHHI PU3WKH, PEHIH-aHT10TCH3HH-AJIb0CTEPOHOBA CHCTEMA.
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Abstract: in 2019, there were 207,383 registered patients with diabetes in Ukraine, of whom
58,954 had type 1 diabetes.The significance of this issue is directly linked to the strong association
between the diagnosis of type 1 diabetes and the development of post-traumatic stress disorder
(PTSD), the prevalence of which is rapidly increasing due to the full-scale war in Ukraine. According
to recent domestic studies, approximately 25% of Ukraine'’s population experiences PTSD, and nearly
half (57%) are at risk of developing it. The purpose of our study was to examine literature regarding
PTSD progression and its impact on children with type 1 diabetes. According to the findings, there
are two types of connection between diabetes and PTSD. The first type is based on the physiological
response to traumatic stressors, where prolonged exposure of trauma and stress can lead to chronic
diseases. The second type of connection indicates that PTSD may develop as a result of an established
diagnosis of type 1 diabetes and can by itself directly contribute to PTSD development and progression
in patients and their family members. More than 14% of children with type 1 diabetes have associated
psychological disorders, such as anxiety, eating disorders, emotional instability, comorbid depression,
attention and activity disorders.The practical work of pediatricians and endocrinologists requires a
comprehensive, multidisciplinary team approach in treatment of these patients, involving psychologists
and psychotherapists.

Keywords: Post-Traumatic Stress Disorder (PTSD); Type 1 Diabetes; Children; Adolescents;
Parents; dynamics.

Introduction an incidence rate estimated at 15 per 100,000
Type 1 Diabetes Mellitus is a metabolic  individuals per year [2].
disorder characterized by chronic hyperglycemia Post-Traumatic Stress Disorder (PTSD)

caused by dysfunction orcompleteinsufficiencyof is a group of persistent psychological and
insulin secretion and disruptions in carbohydrate,  physiological symptoms that may develop after
lipid, and protein metabolism [1]. Type 1 diabetes ~ experiencing a traumatic event. Risk factors
is one of the most common chronic diseases in  for PTSD include wars and armed conflicts,
infancy and the most frequent endocrinopathy  physical or sexual violence, being diagnosed
in childhood. The global prevalence of type  with a chronic or life-threatening illness, terrorist
1 diabetes is 5.9 per 10,000 individuals, with  attacks, and the death of loved ones. Symptoms
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of PTSD typically do not appear immediately but
develop after some time — usually within three to
six months.

Post-traumatic stress disorderis defined by four
characteristic symptoms, including: persistent
experience with intrusive memories, avoidance
of thoughts about the past, negative mood and
hyperarousal, causing clinically significant
distress and/or functional impairment [3].

Research on pediatric medical trauma has
primarily focused on life-threatening conditions
(e.g., cancer, severe burns) rather than chronic
illnesses such as diabetes. However, this topic
demands closer attention, especially given the
urgent current need arising from the rapid increase
in cases of both PTSD and type 1 diabetes among
children in Ukraine.

Aim

The aim of this study was to analyze the
existing literature and outline the key aspects
of the development and progression of PTSD in
children with type 1 diabetes.

Materials and methods

A review was conducted of scientific
publications indexed in international scien-
tometric databases.

Review and discussion

According to the Association of research
and development pharmaceutical producers
(APRaD) and the Kyiv School of Economics
(KSE) (2020), as of 2019, 207,383 patients with
diabetes mellitus were registered in Ukraine
(58,954 - type 1 diabetes mellitus) [1].

Stress is defined as a biological reaction
triggered by any internal or external trigger.
The ability to withstand stress responses is
considered an evolutionary advantage, essential
for survival, and represents an adaptive reaction.
The so-called «fight or flight» reaction is a
catabolic, anti-reproductive, anti-growth and
immunosuppressive complex of mechanisms, is
temporary and ensures survival [3].

Chronic stress can lead to detrimental
consequences, affecting a significant role in the
development of and acting as a provoking or
aggravating factor. In addition, changes in the
nature of the child’s behavioral reactions, which
are observed in stress disorders, for example, a
sedentary lifestyle and eating habits (increasing
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portion size, abuse of «fast» carbohydrates), can
result in weight gain and metabolic disorders.

The stress response system involves a complex
neuroendocrine structure, including the central
and peripheral nervous systems. Glucocorticoids
(GCs) and catecholamines, which are the final
mediators of the hypothalamic-pituitary-adrenal
(HPA) axis and the sympathetic nervous system,
respectively, serve as primary hormonal effectors
of the stress system. During chronic stimulation,
stress hormones can negatively affect glucose
homeostasis. Inacute stress, glucose concentration
and insulin secretion increase, facilitating glucose
utilization and maintaining normoglycemia.
When the stressor is chronic, the process becomes
allostatic («stability through change»). The term
«glucose allostasis» was first introduced in 2003,
referring to situations where, under chronic
stress (e.g., insulin resistance), glucose levels fail
to return to baseline, continually signaling the
B-cells about the need for insulin [4].

Type 1 diabetes (T1D)is achronic autoimmune
disorder characterized by the destruction of
pancreatic -cells, leading to hyperglycemia and a
lifelong insulin-dependent state. Various factors,
such as infections, diet, vitamin D deficiency, and
gut microbiota, are considered environmental
stressors that may trigger T1D in genetically
predisposed individuals. Psychological stress
has also been proposed as a possible trigger for
T1D. The mechanism of stress-related onset of
T1D involves elevated serum concentrations
of glucocorticoids and catecholamines, which
increase insulin demand and initiate insulin
resistance. This theory is known as the «B-cell
stress hypothesis». Additionally, autoimmune
disorders, including T1D, are associated with
increased production of pro-inflammatory
cytokines, such as IL-1B [3-4]. A summarized
schematic of the pathophysiological mechanisms
of glucose metabolism disorders under stress
conditions is provided in Figure 1.

Number of studies based predominantly
on data obtained from patients who underwent
standardized screening questionnaires during
clinic visits showed main trends in PTSD
among children and adolescens with T1D. The
experience of psychological trauma, including
PTSD, has been less studied among children and
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Figure 1. A summarized schematic representation of the pathophysiology of glucose metabolism
disturbances under stress conditions

adolescents with type 1 diabetes. It is known that
61.8% of adolescents have experienced or are
experiencing a potentially traumatic experience,
with 8-10% developing post-traumatic stress
disorder (PTSD). The statistical prevalence of
PTSD in the general population in peacetime is
relatively small and is 6-8% [5]. However, as a
result of the full-scale war in Ukraine, the problem
of PTSD is rapidly progressing. According to
recent domestic studies, the prevalence of PTSD
in Ukraine is about 25%, with almost half of the
population (57%) at risk of its development. Type
1 diabetes is the most common form of diabetes
in young people and one of the most common
chronic diseases in children, adolescents and
young people [6].

The relevance of this issue is also related to
the direct close connection between a T1D and the
development of PTSD. More than 14% of people
with T1D experience co-occurring psychological
disorders such as anxiety, eating disorders,
emotional instability, comorbid depression, and

attention deficit hyperactivity disorder (ADHD).
This suggests that many children and adolescents
with T1D exhibit symptoms directly related to
the onset of PTSD (Figure 2) [5].

Two types of relationships between diabetes
and PTSD are worth considering. The first type

45 A1 ,n
Psychological disorders in patients with type 1 o
40 diabetes and comorbid PTSD compared to patients
35 without comorbid PTSD
30
25 = T1D without PTSD
= T1D with PTSD
25
20
13,41
15
10
> 1,04
0
Anxiety Eating  Emotional Attention Depression
disorders  disorders deficit

Figure 2. Spectrum of psychological disorders
in children with type 1 diabetes(T1D)
and comorbid PTSD compared to patients without
comorbid PTSD [5].
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of relationship is due to the fact that the response
to traumatic stressors has a physiological basis,
which can subsequently lead to the occurrence of
chronic diseases in a person. Long-term exposure
to traumatic, stressful events (for example, child
abuse) can serve as a trigger and lead to an
increase in chronic diseases in society.

On the other hand, PTSD can develop as a
result of an already established diagnosis of
type 1 diabetes. Given that type 1 diabetes is a
chronic disease, it can be a direct cause of the
development of PTSD, both for patients and for
their family members.

Studies of pediatric patients and/or their
parents consistently show a direct sequence
between the appearance of PTSD symptoms
in patients with recently diagnosed chronic
diseases [7]. This relationship is due to a number
of life changes in the life of the child and the
family as a whole. As children and adolescents
are forced to adhere to a regimen and make major
lifestyle changes: insulin injections, physical
activity, and a healthy diet, in order to avoid
episodes of extremely high or low glycosylated
hemoglobin (HbA1c), both of which can be life-
threatening [8].

Type 1 diabetes(T1D) and PTSD may have a
reciprocal effect. The association of PTSD with
a medical diagnosis of T1D may be perceived
as a traumatic event and thus negatively affect
medication intake and treatment regimen.
Treatment of type 1 diabetes may indicate
a reversal of the recall, which in turn may
increase the avoidance behaviors characteristic
of PTSD [5]. In patients with T1D, the trauma
may be related to the diagnosis itself, such as
hospitalization or glycemic values. Among those
newly diagnosed with T1D, PTSD or acute
stress symptoms related to the diagnosis have
been reported. However, a significantly higher
proportion of children, up to 30%, may have
subclinical PTSD symptoms related to medical
stressors during their illness.

Children with PTSD may have metabolic
and neuroendocrine dysfunction that is not seen
in individuals without PTSD. Several studies
have shown that children with type 1 diabetes
may have poor glycemic control associated with
diabetes self-management, which includes blood
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glucose monitoring, insulin administration,
and diet adherence [2-4]. A large registry of
13,316 children and adolescents with type
1 diabetes showed that only one-third of
participants achieved glycemic targets, with
even lower rates of glycemic target achievement
among adolescents (43% vs. 21% for patients
aged 6-12 and 13-19 years). Moreover, poor
glycemic control in pediatric patients with T1D
and PTSD increases the risk of acute metabolic
complications such as diabetic ketoacidosis,
hypoglycemic coma and hospital stay duration
(Figure 3) [5].

T1D-related consequences

M T1D without PTSD

15,89 TID with PTSD
11,86
8,24 8,71
0,01 01 0,02 0,05
HbAlc, [%]  Hospital stay Diabetic Hypoglycemic
in days ketoacidosis coma

Figure 3. Diabetes-related consequences in patients
with type 1 diabetes and comorbid PTSD compared
to patients without comorbid PTSD [5]

Additionally, adolescents and young adults
with type 1 diabetes and PTSD have been found
to have higher BMIs and longer hospital stays
compared to children and adolescents without
PTSD [5].

It is also worth noting that the development
of an acute or chronic illness of any etiology
in children often triggers anxiety episodes
and symptoms of post-traumatic stress in
parents [8-9]. Studies of children and adolescents
have shown that a diagnosis of diabetes in a child
i1s associated with an increased prevalence of
PTSD in parents. Ongoing treatment of type 1
diabetes can be extremely challenging for parents,
as it requires family support for both physical and
psychological care of the child. The literature
suggests that parental responses to stress, anxiety,
and depression are common after their children
are diagnosed with diabetes, especially regarding
thoughts of potential acute complications [8,10].
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Parental stress and PTSD may also negatively
impact child health. Managing parental stress
symptoms may lead to improved behavioral
and metabolic outcomes in children. Children
of parents with PTSD had lower adherence
to treatment than children of parents without
PTSD [9].

Parents play an important role not only in
the psychological impact on the child, but also
in the management of treatment and monitoring
aimed at maintaining balanced glycemic levels.
The American Diabetes Association (ADA)
suggests adopting a family-centered approach
so that parental stress can be overcome by
increasing  parental  self-efficacy, which
represents the confidence associated with a
sense of competence in performing a specific
task for the child [10-11]. Parental stress has
been defined as the perception by parents of
an imbalance between the highly increased
requests of parenting and available sources.
Obviously, parents have to adapt their own
life in order to manage their children’s chronic
disease. Therefore, they may experience
different psychological symptoms, i.e. anxiety,
stress and/or depression related to paediatric
TID. As a result the latter will influence the
glycemic control of their children’s diabetes.
Studies on self-efficacy have suggested that it is
an important construct for disease management
within the health care setting in hospitals.
Parental self-efficacy allows them to control the
stressors and challenges related to T1D.
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Different approaches may increase parental
self-efficacy. 1i.e. family-focused interviews,
consulting parents by psychologists during
hospital stay and after the hospital discharge,
telemedicine. Thus, parental self-efficacy has
a positive impact on both parents and their
children by allowing them to overcome stressors
and problems associated with the diagnosis, thus
contributing to better monitoring and treatment
of children with type 1 diabetes [10-14]. The
clinical and pathogenetic axis of development
and formation of PTSD in children with type 1
diabetes is presented in Fig. 4.

Therefore, the literature analysis suggests that
PTSD and Type 1 Diabetes (T1D) in children
have a reciprocal, dual impact. This is related to
the psychotraumatic effect of the T1D diagnosis
itself, as well as the interdependent consequences
it has on the course and compensation of
T1D. Additionally, the impact extends to
the involvement of family members in the
psychotraumatic triangle, affecting not only the
child but also family members.

Conclusions

Symptoms of PTSD are common in children
with Type 1 Diabetes (T1D). PTSD triggered by
T1D can negatively affect glycemic control and
result in more frequent diabetic ketoacidosis
episodes. It may also impair the patient’s ability
to engage in healthy self-care behaviors.

Two types of connection between diabetes and
PTSD established, — the first type is based on the
physiological response to traumatic stressors, the

Figure. 4. Clinical-pathogenetic axis of development and formation of PTSD in children with type I diabetes
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HyaabHicTb po3BuTKY Ta npossiB IITCP y nireit
3 yKpoBUM Aiadetom I Tumy mix yac BiliHU B YKpaiHi

IBaciok Onexcanapa, bypiaka €srenisi, MiTiopsieBa-KopHniiiko Inra

Kadenpa neniarpii Ne 4, Hamionansauit Mmenuunuii yaiepeureT imeHi O.0. boromonpiis,
Kwuis, Ykpaina
Address for correspondence:

Oleksandra Ivasiuk,
E-mail: aleksandraivasiuk@gmail.com

Anomauia: Cmanomna 2019 pik 6 Yxpaini sapeccmpogano 207383 nayicnmu 3 yykpogum diabemom
3 axkux 58954 — yykposuii diabem [-co muny. Baoxciusicme npobremu nog’szana 3 6e3nocepeorbo
MICHUM 36 I3KOM MIdC 0iacHO30M YYKposutli oiabem I muny ma 6uUHUKHEHHAM NOCMMPAGMAMULHO20
cmpecosoeo poznady (IITCP), nowupericmob AK020 CMPIMKO 3pOCMAE 8 pe3yTbmami HOBHOMACUMAOHOT
itiHu 8 Ykpaini. Bionogiono 0o cyuachux eimuusHAHUX 00CaiodiceHb, po3nosciooxcenicmos [ITCP 6
Vkpaini cmanosumo oauzvrko 25% , npuuomy maiisce nonosuna Hacenenns (357%) nepedysae 6 30Hi
PU3BUKY 1i020 po3sumky. Memow Hawiozo docniodceHHs OVI0 euguumu Oaui 1imepamypu Cmoco8HO
ocoonueocmetl nepebdicy INTCP ma tioeo éniué na oimetl 3 yykposum diabemom I muny. Bionogiono
00 pe3ynbmamie, 8apmo po3ensioamu 08a MUnu 83a€mMo38 'sa3Ky mixc yykposum oiabemom i ITTCP.
Tepwuii mun 36’s13Kky 00yMOGIeHUll MUM, WO PeaKyis Ha MpaMamuyHi cmpecopu, Mae Qizionoiuny
OCHO8Y [ 8 NOOANLUIOMY, BHACTIOOK MPUBATIO20 GNIUSY MPABMAMUYHUX, CMPEco8ux Nnooii, Modice
npuseecmu 00 6UHUKHEHHS XPOHIUHUX 3aX80PI06AHb. [py2uti mun 63a€mo38 13Ky NOAA€E 6 MOMY, WO
LITCP mooice po3sunymucs 6 pe3yibmami 6dce 8CMAH081eH020 0iacHo3y YyKposuil diabem I muny,
wo € b6e3nocepednbor0 NpUYUHOI BuHUKHenHs ma npozpecyeanns IITCP, ax 0 nayicumie max 0.isl
unenig ixuix cimeti. Ilonao 14% odimeu 3 yykposum diabemom 1 muny marome Cynymmi NCUXONOSTYHI
po3naou, maxi aK mpueoad, po3iaou Xapioeoi NOBeOiHKU, eMOYiliHa HecmabiibHiCmb, KOMOPOIOHA
Oenpecis, po3nad yeasu ma axkmusHocmi. Ilpakmuyna poboma nediampié ma eHOOKPUHONO2I8
BUMA2AE KOMNIEKCHO20 KOMAHOHO20 MYIbMUOUCYUNTIHAPHO20 NIOX00Y 8 mepanii maxkux nayicHmie
ma 3any4eHHAM NCUXON02i8 ma NCUXomepanesmis.

Kuarwuosi cioBa: nocrrpaBmarnynuii crpecoBuii posnaa (IITCP), nykposwuii giaber I Tumy, aitu,
I IJIITKH, THHAMiKa, 0aThbKH.
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In silico oninka ¢gapMakoJ0riYHOro MOTEHIIALY cepil
5- apuainennoxignux 3- (0en3o|d]iazon-2-iamino)-
2- TiokcOoTIa30J1iINH-4-0HY

Yyninosuu Karepuna, Mocyaa Bikropisi, Mocyna Jlronmuiia

TepHominbChbKUI HAITIOHATLHUN MeAWYHUN yHIBepcuTeT iMeHi 1. 5. [opGaueBchKkoro
MO3 VYkpainu, Teproninb, Ykpaina

Address for correspondence:
Mosula Liudmila

E-mail: mosula@tdmu.edu.ua
+380977201252

Anomauis: 015 po3pooKu HOBUX 1i2AHOI8, 30AMHUX YLIeCAPAMOBAHO OisimuU HA OI0102I4HY MilleHDb,
HAYKoBYAM HeoOXIOHI 3HAHHA Npo nomenyitiHi miweHi. B ocmanuni decamupiuus npuuieuOueHHo
Yb020 npoyecy Cnpusié CMpIMKULL PO36UMOK XeMOIHGOPpMAmuKu, ujo npueeno 00 nosasu 8i0N08IOHO20
npoepamnozo 3abesnedenns. In silico incmpymenmu, cnuparouucsy Ha XiMiuny cmpyKmypy MOIeKyIU, 3
BUCOKOI0 MOYHICIIO MOJACYMb CHPOSHO3Y8AMU UMOBIPHY ahiHHICMb Ni2aHOY 00 KOHKpemHoi OiomilueHi.
Hlupokuui cnekmp 6ion02iyHOI akmueHocmi poOaHiny ma benzomiazony 6i0omi 0agHo. Buxoosuu i3
Gapmarxonoeiunozo nomenyianry Yyux 2emepoyuriie, Mu SUpiUUIU 0OCIIOUMU GNIUE APUTIOEHO8020
ppazmenmy npu 66e0eHHi 11020 Y 5 NONOHCEHHS OA308020 2eMePOYUKTY HA UAB OI0N02IUHOT AKMUBHOCT
benzomiazonzaminenux pooawninie. Bukopucmosyouu ooun i3 8i1bHO 00OCMYyNHUX 8eb-cepeepis, Mu
30TUCHUNU YINECNPAMOBAHUL NOWLYK MePanesmuyHux miuerell 01 5- apuiioeH3amiujeHux noxXioHux
POOAHIHY 30eH30MiA301bHUM PpacmeHmoMm) 3 NONONHCEHHI OA308020 2eMepPOYUKITLY. 34 00NOMO20H0 BiIbHO
oocmynnoi npoepamu SuperPred 3.0 mu docniounu nomenyitiny hapmaxonociuny akmueHicme cepii
5- apunioennoxionux 3-(6enzofd]miazon-2-inamino)-2-miokcomiazonioun-4-owny. 32iono pe3yiomamis
NPOCHO3YB8AHHS, YCi MONEKYAU € nepcnekmusHumu. T1oXioHi psaody 3a XiMiuHOW cmMpyKmMypow nooiowi
00 nixapcokux 3aco0is 3 piznux ATC knacis i xapakmepuszyiomoscs UCOKOIO UMOBIPHICIIO 83A€MOOIT 3
bacamoma 6ionociunumu mienamu. Buxooauu iz pesynemamise SAR-ananizy, modxcna cmeepodicysamu
npo PI3HULL 8NIUE APUTLHUX 3AMICHUKIE HA 8USE [H2IDYIOHUOI aKMUBHOCMI CNOTYK 00 MepanesmuyHux
Miwenetl. J[ocnioxcy8ani MONeKyIU NOKaA3auu UMOSIPHY NPOMURYXAUHHY akmueHicmb. CnintbHumMu
NPOCHO308AHUMU MIUUEHAMU OJIsL HAWUX CHONYK 3 HAUSUWUMU NOKAZHUKAMU 36 A3V6AHHS | BUCOKOIO
moynicmio mooeneti € Aldose reductase, Cathepsin D ma Transcription intermediary factor I-alpha.
Haztieuwi 1imogipni noxaznuxu ineioyeanns oanux oiomiweneti enracmugi cnoaykam 3 (97,49% npu
83aemo0ii 3 Transcription intermediary factor 1-alpha), 5 (98,42% npu 63aemo0ii 3 Aldose reductase) i
9 (98,39% npu 63aemo0ii' 3 Cathepsin D). Tounicms mooeneu npoeHo3y8anHsa npu ybomy € 00CMAaAmMHbO
gucoxoio i cmanosums 95,56%, 92,38% i 98,95%, sionosiono. Ak ceiouams odepoicani pezyromami,
nepesaxicarouor 0ion02iuHo  O0i€l0 NOXiOHuUx pady € npomunyxaunua. Cmpykmypa Monexyiu
cnonyku 7 Haubinbw nodioHa 00 Oito4UX NPOMUNYXIUHHUX 3AC00I8, A HAUBUWULL PIBEHb 38 S3YBAHHSL
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00 3asHayenux miweneti (>90%) npoenozyemucs onsa cnonyk 8, 10 i 2 npu mounocmi mooeneti 92,38-
98,95%. [Ipu cnpobi 6cmanos1eH s 0essKUX 3aKOHOMIPHOCMEN «CmPYKmypa — 0is», 6UZHAYEHO, WO
8adCIUBA PONb Y BUABLEHHI (DAPMAKONOLITUHUX eqheKkmid Hanexcums 5-apunioeHogomy ¢hpacmenmy
0az06020 pooaninosoeo scaffold, wo 3abesneuye aginnicmo 00 nomenyiunux miuienell. Bniue
5- apunioennoxionux Ha 6i0N0BIOHI OINKOBI MONEKYIU SUWUL, HINC Ye NPOSHO3YEMbCA O/l 0A30801
CNOYKU, NpOme 00epicani 0ani nompeoyoms no0aIbuL020 eKCnepUMEeHMAIbHO20 NiIOMBEPONHCEHHS.

Karwuosi ciioBa: Aldehyde Reductase, 6ensoriazonu, Cathepsin D, iMOBIpHICTB, IPOTHITY X TMHH1

3acobu, ponanin, SuperPred 3.0.

Beryn

Bubip crparerii BUKOpPUCTAHHS PI3HUX in
silico migXomiB 3 METOI0 MOJEIOBAHHA 010JI10-
riYHOi aKTMBHOCTI PEYOBMH BHU3HAYA€THCS Ha-
SBHICTIO 1H(OpMalii Mpo CTPYKTYypy JirasHmaiB i
Mmimenedt. /i koKHOT CTPYKTypH O10J0Ti4HO
aKTHBHOI CIIOJIyKM MOKHA 3IIHCHUTH TOUIYK
TepamneBTUYHOI MilleHi. [n silico miaxoau BH-
KOPUCTOBYIOTBCSI 3 METOKO MOKpAIICHHS JIi-
raHA—penenTopHoi B3aeMOJIIl Ta mependadyeHHs
ADMET (Absorption, Distribution, Metabolism,
Excretion, Toxicity) mapamMeTpiB MOJEKY-
mu. IleBHi mporpamui 3acobu (Swiss Target
Prediction, Molecular Operating Environment,
AutoDock To110) 103BOJSAIOTH OCHIAUTH adi-
HITET BBEJCHOI CIIONYKH JO MOXIMBUX 010110-
TYHUX MilleHel, TOOTO BUSIBUTH IHT10ITOp TOTO
Y 1HIIOTO €H3UMY, KU y O10J0T1YHOMY €Kc-
MepUMEHTI Oyzie HalKkpaile OJOKyBaTH MOJIEKY-
AsipHy MimeHsb. Lle mae 3Mory HaykoBISIM 3Ha-
xoautH crionyku-xitu (hit identification), To6To
MOJIEKYJH, SIKI MOTEHIIIIHO MOXYTh YTBOPIOBa-
TH CTIHKI KOMIUIEKCH 3 OlIKOM-MimieHH!o. Taki
CTIOJIyKH € OCHOBOIO JJIs1 pO3pOOKH €(pEeKTUBHUX
1HT1061TOpIB KOHKpETHOI MimieHi. OnTumizoBaHi
CTPYKTYpH CIHOJNYK-XiTIB MOXXHa CHHTE3yBaTH,
TICJIS YOTO MPOBECTH OLIHKY iX 010J0TI4HOT aK-
TUBHOCTI Ta TOKCUYHOCTI B YMOBax in Vitro, in
Vivo. SIKIIO CHOMYKH YCHIIIHO TOAOJIAI0Th BECh
el nusiX BHUMPOOYyBaHb, TO Jajil MPOBOISATH
JTOKJIiHIYHI ¥ KIiHIYHI BunpoOyBaHHs [1]. Te-
TEPOLUKIIH, 110 MICTITh aToMH N 1 S, 5exarb B
OCHOBI1 BENMKOI KIJTBKOCTI IHHOBAI[IHHUX JIiKap-
cekux 3aco6iB (JI3). IMoxiani Tiazoday HIMPOKO
po3noBcrokeHi y mpupoai (Bitaminu (B1 (Ti-
amiH)), OJeOMIIMHOBI aHTUOIOTHKH, IO BOJIO-
JIIOTh MPOTUIYXJIMHHOIO Ji€t0). 3HaYHUM (ap-
MaKOJIOTIYHMM TOTEHI[a]l TaKuX I'eTEepPOLUKIIIB
OB’ sI3aHUH 3 iX BUCOKOIO CIIOPITHEHICTIO /10 Oi-

OMIIIEHEH Ta CTPYKTYpHOIO MOAIOHICTIO Pi3HUX
MeTa0omITIB [2]. Y KOHTEKCTI MOIIYKY MOTEHIiH-
HUX «JTIKOTOAI0HMX» MOJIEKYII, 3HAYHUH 1HTEpeC
cepell TeTePOLUKIIYHUX CHUCTEM BHKIUKAIOThH
MOX1JHI 2-TI0KCOTia301AMH-4-0HYy (pO/AaHiHYy),
AK1 JIe)KaTh B OCHOB1 BEJIHMKOI KUIBKOCTI 010J10-
riuHo aktuBHHUX pedoBuH (BAP). Cepen moxin-
HUX POJIaHIHy 1eHTH(IKOBAHO CHOTYKHU-IiAepU
(lead compounds) 3 nporunyxyimHHOIO [3], po-
TuaiabeTHHOIO [4], aHTUMIKPOOHOIO Ta AHTUBI-
PYCHOIO [5], aKTUBHOCTSIMU, SIKi IPOXOJATH Pi3HI
craail KIIHIYHOIO 1 JOKJIIHIYHOIO HOCIIIIKEHHS.
He menm nikaBuM y (papmakosoriayHOMy IJIaHi
€ smpo Gensoriazomy. Moro moxixHi BOnOifOTH
MPOTUITYXJIMHHOIO [6], mpoTturpudkoBoro [7],
MPOTUTYOCPKYIBbO3HOIO [8] Ta 1HIIMMH BHJIAMH
OiosoriuHOi akTUBHOCTI. [IpoTunyxivHHa ak-
TUBHICTh € CHUIHHOIO Ba)KJIMBOIO BIIACTUBICTIO
000x KiaciB rerepouukiiB. Pozpobka HoBux JI3
3 BUCOKOIO aKTHMBHICTIO HA MEBHI JIiHIT pakoBUX
KJIITHH Ta BOJHOYAC HU3BKOI TOKCHYHICTIO €
Ha/I3BUYAIHO aKTyaJIbHUM 3aBIaHHSIM ChOTOJICH-
Hsl, QDK€ OHKOJIOT1YHI 3aXBOPIOBAHHSI, BUKJTHKA-
Hl pakoM Tpaxei, OpOHXIB 1 JIETE€HIB, € O/IHIEIO 13
JIECATH OCHOBHUX NPUYUH CMEPTHOCTI B CBITI,
3riIHO JaHUX BcecBiTHBOI opraHi3aliii OXOpoHH
3nopoB’s (BOO3) [9]. He3Baxkarouu Ha AesSKHiA
nporpec y Teparii OHKOJIOTTYHUX 3aXBOPIOBAHb,
ICHYIOUl POTUITYXJIMHHI 3aCO0H € HEAOCTAaTHBO
0e3MeYHNMH Yepe3 YuMally KilbKiCTh MOOIYHUX
e(eKTiB, 10 HUX YaCTO BUHUKAE PE3UCTEHTHICTD
[10]. 3 oy Ha rocTpy moTpeOy B HOBHUX e(ek-
TUBHUX JIIKaX 3 BUCOKOIO aKTHUBHICTIO T4 HU3b-
KOIO TOKCHYHICTIO I[M THTaHHSIM 3alMalOThCS
BUEHI 3 Pi3HUX KpaiH. OgHUM 13 MIAXOIIB MHpHU
ctBopeHHi JI3 € moeaHaHHS B OAHINA MOJIEKYI
JIBOX «IpPUBLICHOBAaHUX» KapKaciB 3 BHpaxke-
HOIO MPOTUIYXJIMHHOIO Ji€l0. SIK CBiq4aTh J0-
CIIIJDKEHHsI JIbBIBCHKUX HaykoBliB [11], moen-
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HaHHS JIBOX aKTUBHUX T€TEPOILUKIIIB TPUBOAUTD
0 3HAXOMKEHHS MI€BHUX JITaHAiB IS OIIBII,
HIXK OJIHOTO THUITy perenTopiB abo GpepMeHTHUX
MilieHel. BBeeHHs 3aMICHUKIB Y 5 MOJIOXKEH-
HSl POaHIHOBOTO IIMKITY, III0 MICTUTH OEH30Tia-
30JIbHUIN (PparMeHT y 3 MOJIOKeHH1, TOTEHIIIITHO
MOX€E MPHU3BECTH A0 TOCWJICHHS AaKTHBHOCTI.
Ex3onmkiiyauid OABIMHUN 3B’ S130K y CTPYKTYPI
reTepPOLUKIIIB CIIPUSIE iX 3B’ SI3yBaHHIO 3 HYKJIEO-
(GUIPHUMY 3aJMIIKaMH OLJTKOBMX MOJIEKYJ 1 3a-
oesreuye aiHHICTH 10 OIOMIIICHEH.

3 X MpUYIMH OCH30Tia30J13aMIIIeH] S-apuiTi-
JEHPOJIaHIHU CTaU MPEIMETOM YHCICHHHUX JI0-
CIIJKCHb BUYCHHUX, 30KpeMa 1 Hammx. 3a JOMOo-
MOTOI0 in silico TPOTHO3YBaHHS MU BHPIIIMIH
BIJIKPUTH HOBI MOXJIMBOCTI JJIsl paHillle CHHTe-
30BaHMX CIIONYK 1 JI€TAJIBHO X BUBUUTH.

Mera

Hocniautu cnexkTp O10JI0r14HOI aKTUBHOC-
Ti cepii 5- apwrineHnoximaux 3- (6enso[d]ti-
a30J1-2-171aM1HO0)-2-T10KCOTia30J11NH-4-0HY,
crporHo3yBari  aiHHICT 70 OioMimeHen
Ta BCTAaHOBUTH MOXIJMBY IX NPHUHAJIEKHICTH
no ATC «knaciB (Anatomical Therapeutic
Chemical Classification System) 3a 701oMoroo
onnaitH-cepsicy SuperPred 3.0.

Marepiajau Ta MmeToIH

Jnst cTpykTypHOi Momudikamii Mu obpann
3-(6en3o[d]Tiazo0m-2-11aMiHO)-2-TIOKCOTia30-
JMAUH-4-0H, BUXOOSYM 3 TOTO, IIO BIH € METH-
JIEHAaKTUBHUM retepouukioMm. lle mo3Bomsie
NUSIXOM HOTO B3aeMOJIi 3 Pi3HO3aMIIICHUMH
OCH3aJIBJICT1IaMH OJICPIKATH CEPIr0 S- apHITiICH-
MOXIAHKUX. 3arajibHy CTPYKTYpYy CIONYK, SIKi MU
oOpanu A in silico NOCTiKeHb, IPEICTaBICHO
Ha PUCYHKY 1.

JInst eTanbHOTO JOCHTIJDKEHHS MOXKIMBHX
BUIB O10JIOTIYHOI aKTUBHOCTI cepii oOpaHuX
MOXI1/THAX Ta KOMIUIEKCHOI OLIHKHU 1X WMOBIpHOL
a(1HHOCTI /10 TEpareBTUYHUX MIIIEHEW MU BH-
kopuctaym BeO-iHCTpyMeHT SuperPred 3.0 [12].
e mo3BonmiI0 HaM 3IIHCHUTH MPOTHO3YBAHHSA
1040 00JacTi MEAUYHUX 3aCTOCYBaHb PsIy MO-
X1IHUX, 3HAUTH HOB1 MMOBIpHI MIIIeH] A pa-
Hile cuHTe30BaHUX cnonyk [13]. Ha miit mnat-
(hopMi € MOXKITUBICTD 3IHCHUTH POTHO3YBaHHS
ATC xomiB [1s1 BBEIEHOT MOJICKYJIH BiAMOBITHO
no knacudikamii BOO3 [14]. [Ipunmun nporxo-
3yBaHHS 0a3yeTbCs Ha CTPYKTYPHIH CXOXOCTI
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Puc. 1. PizHo3aMimieHi S-apyri IeHITOX1THI
3-(6en3o[d]riazon-2-imaMiHO)-2- TIOKCOTia30iuH-
4-ony

HOBUX MOJIEKYJ 3 TOTOBHMH JIKAPCHKUMH 3a-
cobamu (IJI3). Crnomyka BBaXa€eThCs MYJIBTH-
xitepoM (potential multi-hitter), sikio mporHo-
3YETHCSI BUCOKA BIPOTIAHICTH 11 IPHUHAICKHOCTI
(>1%) no meBuux ATC kiaciB y CyKymHOCTI 3
Jy’Ke BUCOKOIO WMOBIPHICTIO 3B’sI3yBaHHS 3 Oi-
onoriyHoro wMimeHHio (>80%). Beb-cepBep 3
BHCOKOIO TOYHICTIO 3/1MCHIOE IPOTHO3 IIOJO
BIPOTITHOTO 3B’SI3yBaHHs JITaHIIB 3 MIIICHIMU
(Probability y %), a Takox BHIae iHpOpMaIiio
PO 3arajbHy TOYHICTH MOJAEJI MPOTHO3YBaHHS
(Model accuracy y %). 3a pesynsratami in silico
MPOTHO3YBaHHS MOXKHA BiAiOpaTH HANWOUIBII
MEePCIEKTUBHI CIOYKH JIJIsI OAQIBIIIOTO JOCITi-
JOKEHHS 1X 010J710T19YHOT aKTHBHOCTI B YMOBAX in
vitro, in vivo.

Pe3yabTaTu T2 00roBOpeHHA

Mu J0CHiIUTH CTPYKTYPHY CXOXICTh 5-
apwiineHnoxigaux  3-(6enso[d]riazon-2-ina-
MiHO)-2-TIOKCOT1a30IiIuH-4-0Hy 3 BiJIOMUMU
JI3 Ta X MOXJIMBICTH 3B’3yBaTHUCs 3 OljIKamuy,
perienTopaMu, €H3UMMaMu KIiTuH 1 T. 1. Ilpo-
rpama SuperPred 3.0 3Haiinuia CTpyKTypHY
CXOXICTh JOCIIDKYBaHUX CHOJYK i3 PI3HHUMH
npenaparamu, MPU3HAYCHUMH IS JTIKyBaHHS
cepueBo-cynuaHux (COIBC, CO1CA, CO1EB,
C02AC, C02CA, CO01BG, CO02DB, CO09CA,
C10AA), npoTurpuOKOBUX JIJIsI MICIIEBOTO 3a-
crocyBanHs (DO1AC, DO1AE), antuiddexIiii-
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Hux (npomumybepxynvosui (JO4AAK), npomu-
sipycui npu eipycrnomy eenamumi C (JOSAP),
NPOMUBIPYCHI HYKIe03uou ma HyK1eomuou, 3a
BUHAMKOM [H2IOIMOPI6 360POMHOI MPAHCKPUN-
mazu (JOSAB), aumubaxmepiiini cyrvchanina-
Mmiou dosecompusanoi dii (JO1ED)), mpoTumyx-
nuHHUX (ineibimopu npomeinkinazu (LO1XE),
ananoeu azomucmoeo inpumy (LO1AA), anano-
U NIPUMIOUHY, NPOMUNYXIUHHI AHMUMEMabo-
aimu (LO1BC), cerexmueni imynooenpecanmu
(LO4AA)) 3axBOpIOBaHb, a TAKOXK 3aXBOPIOBAHb
HEPBOBOI CUCTEMU (npomueniienmuyri, noxio-
Hi kapookcamioy (NO3AF), anmuxoninepeiuni,
mpemunni aminu (NO4AA), aumuncuxomuxu,
noxioni o6ymupogernony (NOSAD), ananvee-
MUKYU mMa AHMUNIpemuKu, NOoXiOHi caniyuno-
6oi kuciomu (NO2BA), anxcionimuxu, noxioui
oenzooiaseniny (NOSBA), cnooitini ma 3acno-
Kiuusi, noxioui oenzooiazeniny (NOSCD), inwui
cnooiuni ma 3acnoxitiugi (NOSCM), anmuxo-
ninecmepasni npomu demenyii (NO6DA), npo-
mu 3anamopouennss (NO7CA)), KpoBi Ta Kpo-
BoTBOpHUX opraHiB (BO1AC, BO1AF). [esxi
crionyku (1-3, 10-14) 3 BUCOKOIO MMOBIPHICTIO
HaOUbII moiOHI 1o JI3, mpu3HAYeHUX IS
JKYBaHHS PECIIPATOPHOI CUCTEMH, SIKUM IPH-
cBoeHo ATC xomu: ROSCA (BiaxapkyBambHi
3aco6u), ROSDB (3aco6u, 1110 NpUrHidyoTh Ka-
menb), RO3DC (aHTaroHicTu J1EMKOTPIEHOBUX
perenTopiB Npu OOCTPYKTUBHUX 3aXBOPIOBAH-
HSX nuxanbHuX nupixis), RO7AB (ctumymsro-
pHY TUXaHHS).

Hac nait6i1p111 3a11ikaBuia CTpYKTypHA CXO-
KICTh HaIIMX cnoiyK 13 I'JI3, siki 3aCTOCOBYIOTH-
Csl MPU JIIKYBaHHI OHKOJIOTTYHUX 3aXBOPIOBaHb,
a/pke IS KOXKHOI CIIOJIYKH JTOCIIIKYBaHOTO
Py IPOTHO3YETHCS MOXKIIMBA PUHAJICKHICTD
1o onHoro uu Kinmbkox ATC kofiB, 10 BKITIO-
YaloTh JIIKU 13 MPOTUITYXJIMHHOIO aKTHBHICTIO.
HaiiBuia WMOBIPHICTh CTPYKTYpPHOI CXOXKOCTI
3 MPOTUNYXJIMHHUMH TIperaparamu, KM pH-
cBoeHO ATC kxox LO1XE, nmporHosyerbest st
cnonyku 7 i cranoButh 21,18%, inmi cromy-
KH XapaKTepU3yIOThCSI TOMIPHOIO MOAIOHICTIO.
Cnig 3a3HaYMTH, IO BBEJACHHS apUIIiJIEHOBO-
ro ¢parmMeHTy B 5 MOJOKEeHHsS 0a30BOTO TeTe-
POLIMKITY 3arajoM TIIO3WUTHBHO BIUIMHYJIO Ha
30UTBIIIEHHS CTPYKTYPHOI TMOAIOHOCTI CIOJYK
3 ICHYIOUMMH JIiKaMU. 3HAU€HHS Ma€ CTPYK-
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Typa CaMOro 3aMiCHHUKAa Ta HOro MOJOXKEHHS
y OeH3mwIiAcHOBOMY (parMeHTi. 3MEHIICHHS
CTPYKTYPHOI CXOXOCT1 ACSKUX MOXITHUX PSIAY
3 I'JI3, Ha Haury AyMKy, COpOBOKOBaHE BBEJICH-
HSM y OCH3WIIJIEHOBUI (pparMeHT pajuKaliB:
4-OCHj; (cmonyka 2), 4-Br (cnonyka 4), 4-Cl
(cmonyka 6), 3-OCHs 1 4- OH (cmomyka 11).
Bigcorok moOMIOHOCTI WX CIONXYK MEHIIHMA
(1,19- 2,20%), Hix y 0a30BOr0 TETEPOIHKIIA
(2,59%). KputnyHuii BIUIMB Ha BUSIB IPOTHU-
MyXJIMHHOI 11i Mae paaukan F, npuyomy Bax-
JIMBE 3HAUEHHSI HAJEXKUTh HOTo MOJOXKEHHIO Y
OeH3WITIACHOBOMY (hparMeHTi, 10 BigoOpaka-
€ThCSI y BIZICOTKAX CXOXKOCTI 3 JIIKAMHM ITiJT KO-
nom LOIXE: 21,18% (cmonyka 7 3 R=2-F) i
8,85% (cmonyka 8 3 R=4-F). Jlnsa cnonyku 15,
mo MictuTh R=4-NO,, nporrosyerscs 6,56%
nonioHocti. CyTTeBa MOMIOHICTH NpUTaMaH-
Ha crnorykaMm 9 1 10, MmO MICTATh paguKaiu
4-N(CHs), 1 4-N(C;Hs), y OeH3wmtiicHOBOMY
dbparmenTi, BiamosimgHo. Ciij 3a3HAYUTH, IO
BUJIOBKEHHSI KapOOHOBOTO JIAHIIIOTA B 3aMic-
HUKY HETaTUBHO BIUIMBA€ Ha IPOTHO30BAHE
3HAYEHHS MOAI0HOCTI, aJyKe BOHO 3MEHIIINIOCS
Maibxke yasidi 3 8,26% (cnonyka 9) no 4,21%
(conmyka 10). 3Ha4eHHAM CXOXKOCTI B MeKax
5% XapakTepHu3ylThCA MOXITHI 3 paauKaa-
mu: 3-OCHj; 1 4-OCHs; (cnonmyka 12), 3-OCH;
14- (CH;),CHCH-O (cnonyka 13). [lesxkum mo-
xigauMm (cnonyku 7, 8, 10, 14) nporuosyerbcs
MPUHAICXKHICTH ofpa3y 10 kinbkox ATC koxis
(LO1XE, LOIBC, LO1AA, LO4AA).

Sk BUAHO 13 pe3ynbTaTiB  BiPTYaJIbHOTO
IPOTHO3YBaHHS, YCI JOCIHIJKYBaHI CIIOJIyKU
HMOBIPHO BOJIOZIIOTH IIMPOKUM CHEKTPOM Oio-
JIOTIYHOT aKTHBHOCTI, TNependadaeTbCcsi BHCOKA
BIPOTIIHICTh iX B3aeMOmii 3 TEeparneBTUYHUMH
MIIICHSIMH MPY 3HAYHIM TOUHOCTI IPOTHO3YBaH-
Hs (61m3bKo 100%). 3a mepenikoM MpOrHO30Ba-
HUX MillIeHEeH 5-apuiliIeHOBI MOXiaH1 O1M3bK1 10
0a30BOro reTepoIuKiy, a crnonyka 11 € moren-
niitauM MyneTuXiTepoM (potential multi-hitter).
HaiiBumuii piBeHb 3B’sI3yBaHHS CIIOIYK PSILy
BUSIBJICHUI /10 TPbOX MiIlIEHEH, SIKI ITpe/iCTaBiIe-
Hl Ha PUCYHKY 2.

Sk BUAHO 3 PUCYHKY 2, CHUIBHUMH IIPOTHO-
30BaHUMH MIMICHIMU ISl TIOXITHUX Py 3 Bi-
POTIIHICTIO 3B’SI3yBaHHsS Ta TOYHICTIO MOJEII
nporHo3yBanHs noHajg 80% e Aldose reductase,
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Puc. 2. HaiiBuiia iIMOBIPHICTD 3B’ 13yBaHHS 0a30BOr0O I'€TEPOIMKITY
Ta cnoiyk 1—15 i3 mpotunyxauHHIMH MitneHsMHA (y %)

Cathepsin D Ta Transcription intermediary
factor 1-alpha. Taxi >x GioMimeHi TPOTHO3YIOTh-
cs1 1y 6a30BOi CIOYKH, MPOTE HMOBIPHICTS ii
3B’SI3yBaHHS 3 JaHUMHU MIIICHSIMHU 3HAYHO MCH-
1Ia Ta CTAaHOBUTH BIAMOBIIHO 66,55%, 93,19%,
89,92% npu TOYHOCTI MOJIENIeN MPOTHO3YBaHHS
>90%. HaiiBuima BemyrHa BIpOTiTHOCTI BIUTH-
By Ha Aldose reductase mpuTamaHHa CITONYIII
8 (98,93% 3 TOUHICTIO MOJIENi MPOTHO3YBaHHS
92,38%), anaitnmxua—cnomyui 1 (93,85% 3 Tou-
HicTio Mozen 92,38%). ﬁMOBipHiCTL B3acMOil
cnonyk psany 3 Cathepsin D konuBaeTscsi B Me-
xax Big 98,58% (cmomyka 10) mo 88,48% (cmo-
ayka 15), a 3 Transcription intermediary factor
l1-alpha — Big 96,33% (cnonyka 2) no 89,87%
(ctomyka 7). TakuM 4MHOM, HaMBHINI TOKa3-
HUKH 1HT10yBaHHS 3a3HAYEHUX TPHOX MIIICHEH
Bractusi crionykam 8, 10, 2. TounicTs Moxenei
MIPOTHO3YBAHHS MIPH I[LOMY JJOCHTh BUCOKA 1 KO-
JUBa€eThCs B Mexkax 92,38-98,95%. Cnin 3a3Ha-
YUTH, 110 3TAHO MPOTHO3YBAHHS, YCI CIIOIYKU
psAIy 3 BUCOKOIO BiporiiHicTio 94,55%-99,37%
MOXYTh 3B’SI3yBaTUCS II€ 3 OJHIEI0 MIIICHHIO
Dual specifcty protein kinase CLKI1, ane Tou-
HICTh MOJIEJi IPOTHO3YBaHHS MPU I[bOMY JEII0
MeHIa 1 cTaHoBUTE 85,30%. 3 memro MeEHIIO
HMOBIPHICTIO IPOTHO3YETHCS B3aEMOIisI CIIOTYK
3 Nuclear factor erythroid 2-related factor 2,
Casein kinase II alpha/beta, Casein kinase I
delta, Pregnane X receptor, Dual-specifcity
tyrosine-phosphorylation regulated kinase 1A.
Bimbiricte cHodyk psAy XapakTepU3YHOThCS

aQIHHICTIO 7O IMX MIIIEHEW 3 BiPOTIAHICTIO
Hxae 90%. 3aranom, s yCiX MOXiITHUX PSAY
MPOTHO3YETHCS TMOMIOHUI TEepesiKk MimeHeil 3
ONMM3BbKUMHU 3HAYEHHSMH 3B’S3yBaHHSA, IPOTE
JUISL TESIKUX TIOX1THUX TEepeBaKAIOYMMHU Millle-
HSAMH € BIIMIHHI BiJI 3a3Ha4€HUX. Tak, Cromy-
ka 11 XapakTepu3yeTbCsi HAWBHUIIOK WMOBIp-
HICTIO 3B’SI3yBaHHS, II0 CTaHOBUTH 98,79%, 3
DNA-(apurinic or apyrimidinic site) lyase mpu
TOYHOCTI Mojieni nporHo3yBanHs 91,11%. [{ns
CIIONYK, IO MICTSATh 3aMICHUKHA B OeH3UIIife-
HoBOMY (pparmenTi 3-OCH3 1 4-OCH; (cniony-
ka 12), 3- OCH; ta 4- (CH;3),CHCH,O (cnomy-
ka 13), mporHo3yerbcs HalBUIIa aiHHICTD 0
mimeni Kruppel-like factor 5, mo cranoBuTh
98,62% 1 98,51% 1pu TOYHOCTI MOJIEII TPOTHO-
3yBaHHs 86,33%, BimnoigHo. [TepeBaxcarodoro
MIIICHHIO JIJISl CTIONMYKHU 15 (MMOBIpHICTH B3ae-
monii 99,20%), sk 1 a1 6a30BOT0 reTePOIUKITY,
€ Endoplasmic reticulum-associated amyloid
beta-peptide-binding protein. 3a3HaueHi MilleH1
BIJIIIpalOTh BaXXJIMBI POJIl y peryssLii mpouecis
B opraxi3mi jroauHu. Kpim Toro, yci BoHH Mo-
KYTh MaTH BUpILIaJIbHE 3HAYEHHS B KOHTEKCTI
3aXBOPIOBaHb, BKIIIOYAIOYHM IIMPOKHHA Jiana3oH
TUIIIB OHKOJIOTIYHHUX 3aXBOPIOBaHb JIIOJMHU
(pak MOJIOUHOT Ta MiANLTYHKOBOI 3103, SIEYHU-
KiB, IIUTyHKA, KOJOPEKTAIBHOI KAPIIUHOMH, TJTi-
00acToMu, rocTporo JiM(poOIIaCTHOTO JIEHKO3Y
Ta in.) [15].

Sk BUTHO 13 IpeACTaBICHUX PE3YJIbTaTIB aHa-
73y, y BCix 5- apunmineHnoxignux 3- (6enszo[d]
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Tia30J1-2-1J1aMiHO )-2-TIOKCOTi1a30iIuH-4-0Hy 3
BHCOKOIO TIPOTHO30BaHOI0 MMOBIPHICTIO MpO-
CJIIKOBYETHCS 3B’SI30K 13 MIIIEHSIMHU, SIKI BIUTH-
BalOTh Ha MPOIIECH, IO TOB’A3aH1 3 OHKOJIOTIY-
HUMU 3aXBOPIOBAHHSMU.

AHami3  3aJeXHOCTI  «CTPYKTypa-aKTHB-
HICTB» B DSy JTOCIHIIKYBAaHUX TOXITHHUX J103-
BOJISIE HAM KOHCTaTyBaTH 3HAYHUI BIUIMB apHITi-
JIIEHOBOTO 3aMICHHMKA B 5 MOJNOKEHHI 0a30BOIO
reTepOLUKITy Ha BHSIB MPOTUIYXJIMHHOI aKTHUB-
HOCTI. 3pocTaHHsl aiHHOCTI JaHHUX CIIOIYK 0
BIJIIOBIIHUX MiIlIeHEH 3aJIEKUTHh BiJ BBEICHUX
3aMICHUKIB y OCH3WJIICHOBHM (pparMeHT, npu-
YoMy Ba)KJIMBE 3HAYCHHSI Ma€ HE JIUIIIE MPUPOAa
WX PaJIMKaIiB, alle i iX monokeHHs B ukdi. Le
YITKO MPOCIHIIKOBY€ETHCS MPHU aHaJi3l Oofepika-
HUX IMOKA3HUKIB JIJIS S- apUIIiICHOBUX MTOXITHUX
1 He3aMIIIeHOTO 0a30BOTO TETEPOIUKITY (pHC. 2).
VY OUIBIIOCTI TOXITHUX MPHU IIHOMY 3HAYHO M-
BUIIUINCS AEIKl HOKAa3HUKHA 010JIOTYHOI aKTHUB-
HOCTI, y IOPiBHSHHI 3 0a30BOI0 CTPYKTYPOIO.

BucHoBku

BHacniiok nmpoBeeHOro CKpHHIHTY 010J10-
TYHOT aKTHBHOCTI BCTAHOBIICHO, IO 5- apuii-
neHnoxinHi 3-(6enzo[d]riazon-2-imamino)-2-Ti-
OKCOTia30J1iJUH-4-0HY 32 XIMIYHOIO CTPYKTYPOIO
MaloTh rPyMOBY NOAIOHICTH 10 JI3, SIKUM TPHCBO-
eHo ATC komu LO1XE, LOIBC, LO1AA, LO4AA,
10 BIAMOBIJAIOTH MPOTUIYXJIMHHUM IIpernapa-
taMm. HaiiBuia #MOBIPHICTE CTPYKTYpPHOI CXO-
XKOCTI 3 aHTUHEOIUIACTUYHHUMHU 3aco0aMH Ipo-
THO3YETHCS AJIs CIIONyKU 7 1 ctaHoBUTh 21,18%
(ATC xox LO1XE). Cnonyku psiy MaroTh LIH-
pOKHMii criekTp OioJoriyHOI akTUBHOCTI. BoaHo-
gac yci MoXigHi MaroTh adiHiTeT A0 Oiomire-
HEl, K1 BIUTMBAIOTh HA PO3BUTOK OHKOJIOTTYHUX
3axBOpIOBaHb. HaliBUIMiA piBeHBb 3B’sI3yBaHHS
(6mmm3bk0 90%) CIIONMYKH BUSIBHJIM A0 MIIICHEH:
Aldose reductase, Cathepsin D 1 Transcription
intermediary factor 1- alpha. MmoBipHi moxas-
HUKHU 1HT10yBaHHS 3a3HAYEHUX TPbOX MiIllICHEH
HauBuIi 118 crionyk 8, 10 1 2 mpu TOYHOCTI MO-
neneil mporHo3yBaHHs 92,38-98,95%. Bmius
5- apuITiACHIIOXITHUX Ha BIAMOBIAHI OloMilIeH1
BHIIUH, HIXK 11€ MPOTHO3Y€ETHCS 17151 0230BO1 CITO-
ayku. Cepen JOCTIKEHUX MOJIEKYN 3HAHIECHO
MOTEHINIfHOTO MynbTHXiTepa (potential multi-
hitter) — cmommyka 11. IIpu cripo6i BcTaHOBICHHS
NESKNX 3aKOHOMIPHOCTEH «CTPYKTypa — His»,
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BU3HAYEHO BAXIUBY pOJIb S-apuiliIeHOBOTO
¢dbparmeHTa Ha 3pOCTaHHS MMOBIPHOT MPOTHUITYX-
JMHHOI aKTUBHOCTI, Y TIOPIBHSAHHI 13 He3aMille-
HUM 0azoBuUM retrepouukiom. lle BimoOpaxe-
HO y TPOTHO30BaHHMX 3HAYCHHAX CTPYKTYPHOI
CXOXOCTI 3 AHTHHEOIUTACTUYHHMH 3aco0aMu 1
MOKA3HUKAX 3B’sS3yBaHHS 13 BiJNOBIIHUMH Mi-
HICHSIMU TapreTHoi Tepamii. BcraHoBneHo kpu-
TAUYHUHN BIUTUB paaukana F y OeH3wiiieHoBoMy
dbparMeHTi Ha 3pOCTaHHs MOMIOHOCTI /10 IPOTHU-
MyXJIMHHUX 3ac00iB (ineibimopu npomeinKina-
3u — LO1XE). [Toka3HuK CX0KOCTI cIoayku 3 JI3
3aNIe)KUTh BiJ MOJIOKEHHS LBOTO pajKaia, 1o
BifjoOpaxeHo y 3HaueHHsX: 21,18% (cmonmyka 7
3 R=2-F) i 8,85% (cmonyka 8 3 R=4- F). Onep-
XKaHl pe3yJabTaTH JOCHIHKEHHS MOXYTh OyTH
TEOPETUYHOIO TUIATGOPMOIO JUISI MOJAIIBIIOTO
EKCTIEPUMEHTAIBHOTO (DapMaKoJIOTiYHOTO BH-
BueHHsA BAP 3 mepcriekTuBo0 CTBOpEHHS Ha iX
OCHOBI HOBOTO €()EKTHBHOTO 1 MaJIOTOKCUYHOTO
npernapary.

DiHaHCyBaHHS

BukoHaHHS 1aHOTO MOCHIKEHHS Ta HaIlu-
CaHHsl pykomucy Oyio 3ailicHeHO 0e3 30BHIII-
HbOTO (piHAHCYBAHHSI.

KonduiikT inTepecis

ABTOpPH 3aCBIIUYIOTH BiICYTHICTb KOH(IIKTY
IHTEpeCiB.

3roga Ha myoOJaikaiiro

Bci aBropu 03HalioMIIeH1 3 TEKCTOM PYKOIHU-
Cy Ta HaJlajiy 3rojly Ha HOTo MyOImiKaIlito.
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Abstract: to develop new ligands capable of specifically targeting a biological target, researchers
need knowledge aboutpotentialtargets. Overthepastdecades, the rapid development of cheminformatics
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has contributed to the acceleration of this process, which led to the emergence of appropriate software.

In silico tools, based on the chemical structure of a molecule, can predict the possible affinity of a
ligand to a specific biomolecular target with high accuracy. The broad spectrum of biological activity
of rhodanine and benzothiazole has long been known. Considering the pharmacological potential of
these heterocycles, we decided to investigate the influence of an arylidene moiety introduced into the
Sth position of the basic heterocyclic scaffold on the biological activity of benzothiazole-substituted
rhodanines. Using one of the freely available web servers, we conducted a targeted search for
therapeutic targets for 5-arylidene-substituted rhodanine derivatives with a benzothiazole moiety in the
3rd position of the basic heterocycle. Through the freely available SuperPred 3.0 program, we studied
the potential pharmacological activity of a series of 5-arylidene derivatives of 3-(benzo[d]thiazol-2-
vlamino)-2-thioxothiazolidin-4-one. According to prediction results, all molecules are promising. The
derivatives in this series, based on their chemical structure, are similar to drugs from various ATC
classes and are characterized by a high probability of interaction with multiple biological targets.

Based on the results of SAR analysis, it can be concluded that different aryl substituents have varying
impacts on the inhibitory activity of compounds against therapeutic targets. The studied molecules
demonstrated potential antitumor activity. The common predicted targets for our compounds with the
highest binding scores and high model accuracy are Aldose reductase, Cathepsin D and Transcription
intermediary factor 1-alpha. The highest potential inhibitory indicators for these biomolecular targets
were observed for compounds 3 (97.49% for interaction with Transcription intermediary factor 1-alpha),

5 (98.42% for interaction with Aldose reductase), and 9 (98.39% for interaction with Cathepsin D).

The accuracy of the prediction models is sufficiently high, amounting to 95.56%, 92.38%, and 98.95%,

respectively. According to the obtained results, the predominant biological effect of the derivatives of
this series is antitumor. The molecular structure of compound 7 is most similar to existing antitumor
agents, while the highest binding levels to the specified targets (>90%) were observed for compounds
8, 10, and 2, with prediction model accuracy ranging from 92.38% to 98.95%. When attempting to
identify certain structure—activity relationships, it was determined that the 5-arylidene moiety of the
basic rhodanine scaffold plays a crucial role in revealing pharmacological effects by ensuring affinity
to potential targets. The impact of 5-arylidene derivatives on relevant protein molecules is higher than
predicted for the core compound,; however, the obtained data require further experimental validation.

Keywords: Aldehyde Reductase; Antineoplastic Agents; Benzothiazoles; Cathepsin D; Probability;
Rhodanine; SuperPred 3.0.
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